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certain manner, always precedes the occurrence of Tome 


other event, and thence conc] ude, that the latter ſome- 


bow deriyes its exiſtence from the former; but the mode 


in which the one gives exiſtence to the other, is not 


cognizable by the ſenſes, and is therefore not within 
the limit of our knowledge of the operations of nature. 


We know, for example, that two magnets, placed, near 
each other in a' certain manner, will be attracted to- 
wards each other; and, if either of them be turned 


into che oppoſite, direction, will be repelled from each 


other. The uniform connection of theſe reſults with 
the preceding circumſtances, induces us to aſcribe them 
to thoſe circumſtances as to their cauſes; but we are 
wholly ignorant of the mode in which the magnetic 
efficacy produces theſe effects. - Eyen though we could 
aſcertain the exiſtence of that magnetic fluid, which has 
been ſuppoſed for the explanation of theſe phænomena, 
we ſhould not have, approached nearer to the knowledge 
of che nature of cauſation. It would ſtill be impoſſible . 
to conceive, what is chat exertion of power, which 
could repel che partieles of chis fluid from each . 
and eould attract them towards the particles of the mag- 
nets. We ſhould indeed have diſcovered a more com- 
prehenſive analogy of the facts of natural operations, 
but ſhould continue equally ignorant of the efficacious . 


mode of their production. Experience is the only. 


| ſource « 'of phyſical knowledge, and it can give us. infor- 
mation only of the impreſſions made on our ſenſes, and 


may be ; obſerved. if 
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en indeed . a 
the celebrated Bacon, that the human mind was able, 
wich but a curſory and ſuperficial vie w of the opera- 
tions of nature, to invent ſuch explications as would 
fully correſpond to the appearances.” But he ſufficiently 
_ -expoſed the: utility of chis ancient method of philoſo- 
phiſing- kes defects he reduced to three heads. 
d were aſſumed at pleafure, if they could in 
any degree contribute to furniſn à ſolution of a diſſi- 
bene the prepoſſeſſions of the underſtanding itſelf were 
reverenced as unqueſtionable truths and the immediate 2 
information of the ſenſes, unaided by experiments, was 
egnſidered as deciſive evidence. The: ſnfall progrefs 
which philoſophy had made, was indeed an abundant 
proof that there was ſomething materially erronedus in 
the manner of proceeding. After the lapſe of ſo many 
ages the knowledge of nature had advanced little be- 
vond thoſe ſimple and obvious diſcoveries, | which lay 
open to ordinary experience. But the ſuperior mind of 
Bacon ſurveyed the whole field of human knowledge, 
and pointed out the true mode in which we might Rope 
to extend our information. To reduce every prineiple 8 
to he 1 ſeſt of accurate experiment, Was pro- 
nounced by him to be the only eſfectual method of 
peuettating into the ſecrets of nature; and in the ſhort - 
period of wo centuries à ſtrict obſervance of the rules 
which he e e has been * of the happieſt F 
— oy nee e \ FEM 
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well-contrived experiments be enabled to n and 
is incapable of apprehending either the eſſential nature 
of the bodies which it examines, or the mode in which 


the Creator has connected with each other the cauſes 


and effects of natural operations: ſtill the contempla- 
tion of the material ſyſtem, and the inveſtigation of the 
laws by which it is regulated, are highly deſerving of 
attention. To diſcover that the phænomena of this vaſt 
and complicated univerſe are ſubjected to a few ſimple 
and general rules, and that the variety and intricacy, 
which perplex our underſtandings, are but the refult of 
the infinitely varied circumftances in which the opera- 
tions of nature are performed, muſt naturally impyeſs 
us with the deepeſt ſenſe of the perſection of that 
Great Being, on whoſe will all theſe appearances de- 
pend. This impreſſion muſt indeed be ſtrengthened by 
the very limitation of this ſcience. When, amidſt all 
our experimental diſcoveries of the proceſſes of nature, 

we cannot any where perceive the efficacious principle, 
which connects with each other cauſes and effects; 

when we perceive. only a methodized arrangement of 
natural appearances, ſimple indeed and beautiful, but 

indicating no neceflary and operatiye production of 

them; we muſt entertain a ſtill more lively conception 

of that ſuperintending power, which either continually 
directs the minuteſt parts of this great and intricate 
machine, or originally beſtowed on them that incompre- 

henſible active efficacy which maintains its movements. 

The practical application of the diſcoveries of philoſo- 
Phy to the uſes of life might perhaps indeed be improv- 
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each phenomenon is connected with * which is de- 
nominatkd its cauſe; ſince the inductions of experience 


might then be generalized with greater certainty: but 
in thoſe caſes in which we are able to inſtitute a variety 


of accurate experiments, concluſions may be formed 


with ſo ſtrong an evidence, as to-enſure the productiaa 
of a deſired effect whenſoever thoſe agents ſhall have 
been applied, with which it ſo uniformly and fo pla 


appears to be i in ſome manner conneQeds | 


The ien 1 of vhiloſophiling, a it "EA 
feſſes to inveſtigate by a careful obſervation of nature 
the varieties and the laws of natural appearances, does _ 
not however altogether reje& the aid of hypotheſes. 


'They muſt not indeed be formed arbitrarily, and with but 


a ſuperficial view of the phznomena, which it is intend- 
ed that they ſhould explain; but when a number of ac- 


curate obſervations have rendered it highly probable that, 


agreeably to the general conneCtion of the operations 
of nature, a certain agent has contributed to the produc- 
tion of the effects which we are examining, to adopt 


ſuch a ſuppoſition may be uſeful by direcking us to far- 


ther trials, which ſball eicher verify or refute it. Thus, 


when Franklin obſerved that the phznomena of electrĩ- 
city conſiderably reſembled the effects of ghtuing, be 
concluded that it was highly probable that they were p-] 
duced by cauſes perfectly ſimilar. He did not however 
indolently acquieſce in the probability of this bypatheſis, 
but contrived by his electrical kite to bring down from 
the clouds the electrical fluid, and, by. fubjeQing it to 
ſimilar experiments, to demonſtrate its identity with 


1 
4 
— 
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A 


chat which had been diſcovered to "exiſt i in our immedi- 


ate neighbourhood. An hypotheſis muſt be adopted only 


2 upon trial. It muſt afterwards be ſubjected t to a rigo- 
1 rous examination by experiment, and the ingenuity. of 


the experimenter conſiſts' in deviſing modes of obſerva- 
tion, by which the operation of the ſuppoſed cauſe. may 
*be unequivocally aſcertained. The illuſtriops Bacon has 
well defcribed this kind of experiments. To the ancient 
ſimple kind of induction he objects, that it was frivolous 
and inconcluſive, and requires that, a more diſcrimina- 
ting and cogent form of it ſhould be adopted. **Ea enim, 


de quaà dialectici loquuntur, que procedit per enumerati- 


onem ſimplicem, puerile quiddam eſt, et precarid con- 
cludit, et periculo ab inſtantia* contradiQtoria exponitur, 
et conſueta tantùm intuetur, nec exitum reperit. Atqui 
opus eſt ad ſcientias inductionis forma tali, quæ experi- 


entiam ſolvat, et ſeparet, et per excluſjones ac rejecti- 
ones debitas neceflarid , | 


* : 1.4 


Before that we een to examine the denten of 
nature, it 1s neceſſary to ſtate thoſe ſimple and general 
principles, which are called the Laws of Motion. Their 
truth may be eſtabliſhed by eaſy and obvious obſervations, 
and receives confirmation from the moſt advanced re- 
3 into the * 5155 as. Ie Nee 
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wo uniform rectilinear motion, unleſs it be e ee 
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That 2 quieſcent 8 in its keate of reſt 
— oporntion of ſome external force compels it to 
change that ſtate, and begin to move, is obvious to ge- 


neral experience. But that a body in motion will in 
like manner continue to move forward with the ſame un - 
varied velocity, was not equally cafy to be apprehended 3 

and 'accordingly even Kepler thought that a continued 


exertion of force was requiſite for maintaining the mo- 
tion of a body. The motions produced on earth do indeed 
become languid and ceaſe, but we can affign the external 
cauſes of their diminution and ceſſation, namely the re- 
ſiſtance of the medium through which they move, or the 
flktion of fome contiguous ſurface z and as thoſe cauſes 


are diminiſhed the motions are continued longer. Bo- 


dies projected near the ſurface of the earth are ſoon per- 


ceived to deviate from a rectilinear courſe, and to fall 


towards the earth; but their weight is a force perpetually - 
drawing them from their original direction. Mr. At- 
wood has contrived an ingenious experimental conſirma- 
tion of this law. of motion. He directs that two equal 


weights ſhould be balanced by a ſine flexible line; which 


paſſes ovef 2 pulley. The weight of each body being 


eounterbalanced, they will remain quieſcent until ſome 5 
But if any impulſe be communi- 


force ſhall be app! h 
ee Wo EE ham He vertical direction, it will 
deſcend perpendicularly through equal ſpaces in equal 
times, that is, it will move downwards with an uniform 
ee maden. N as 


* Analyſyy of = Courle of Le@tures on ee of Neu 


 Philolophy, Article 39. 
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experiment is performed, is repreſented in plate 1. fig. 1. 
The two boxes 4 and B, of equal and ſimilar dimenſi- 
ons, and containing equal weights, are ſuſpended in 
equilibrium. Ai is then raiſed above the ring which is 
attached to the inſtrument, and laden with the oblong 
weight, which is in the figure repreſented. as reſting; on 
the ring. When the box A deſcends through the ring, 
this additional weight is removed by the ring, and the 
motion of A from the ring downwards will be the effect 
of the impulſe which it had communicated. If now the 
pendulum connected with the inſtrument. be let go at 
the ſame inſtant at which che additional weight f is re- 
moved, it will be found, by obſerving the motion 
the pendulum and the ſcale marked on the inſtrument, 
that the box 4 will deſcend through equal ſpaces in equal 
en; that is, that it will move ann downwards. 


* 2. 1 EP or change an, is grape 's 
nad to the force impreſſed, and is made in e Ken 
on in ; Which that Is is e, 


This may "RA POT WO) as a apa of the | pre- 
ceding, ſince a body is unable to make any change in its 
own ſtate. It may alſo be confirmed by experiment. 

Whilſt the ſum of the weights of the two bodies remains 
the ſame, let it be variouſly divided between them, ſo that 
the differences of weight, which are the moving forces, 
may be varied; and let theſe differences conſiſt of oblong 
weights impoſed on the box 4. The box A, thus vari- 
_ ouſly laden, will be found, to deſcend to the ring in equal 
times Ang * . to the forces; andy when | 

; theſe 


+ 


— 
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I.), with the / motions acquired in thoſe equal times, 
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' F F 2 1 d * N g * of N n — 
$4” £9 * 14 My 4 ? 34 2£ ** 2 4 


* 


The 8 math: * eee ee 
e Band of the line by which hey 
are ſuſpendedꝰ“. If the weight of the laſt were ſenſible, 
it would produce an inaccuracy in the experiment in con- 
| ſequence. of, the variable lengths of its two parts. Thie 
however is imperceptible. The effect of the reſiſtance of 
the air is alſo inſenſible, as the reſiſtance which it gives to 


bodies moving with ſmall velocities is incondderable. Ne 


Wheel, over which the line ſuſpending the boxes is paſſed. 
This however is diminiſhed by capng the axle ol dle 
wheel. to. reſt on other ee! frifti 
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if the body Tu} in Aa certain t time be driven by the. 
impulſe of one force from A to 8B (plate 1. fig. 2. ), and 
in the ſame time by the impulſe of the other from A to G 


complete the parallelogram ABDG, and the combined 


whoſe uſe will be explained hereafter, | . 8 Roy 8e. a 5 


r difficulty therefore remains except the friction of the 


A 


impulſes will cauſe the body to move uniformly in the ſame 


tinie from 4 to P. eee, ee 
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ed in the direction of XD, and its velocity proportioned 
to AD. For the force acting in the direction AB parallel 
to CD, will not affect the velocity with which the body 
approaches towards the line CD. Nor will the force act- 
ing in the direction AC parallel to BD, affect the velocity 
wich which the body approaches towards the line BD. 


The body will therefore arrive at the line CD in the ſame 


time, whether the latter force act or not; and at the line 
BD, whether the former act or not. Conſequently at 
the end of the given time it will be at the interſection of 
theſe lines, that is at the point D; and, by the preceding 
law, it will have moved with an uniform and rectilinear 
motion. It will therefore have moved uniformly agg 
AD in the ſame time, in which with the impulſe of ei- 
ther force ſeparately impreſſed it would have moved uni- 


formly along AB or AC ; 8 
proportional to the line AD. 


- Is velocity communicated by the combined forces - 
a when their directions are oblique, leſs than the ſum of the 
| velocities which they would ſeparately communicate; be- 
cauſe the diagonal 4 D, to which it is proportional, is 
(uc, lib. 1. pr. 20.) leſs than the ſum of AB and BD, 
or of AB and AC, to which the n MY. com- 


municated are proportional. 


This, which ee eee | 


Muſtrated by the inſtrument repreſented in plate x. fg. 3˙ 
ABCD'is a wooden ſquare, ſo: contrived that” the cor. 


reſponding ſquare BEFC may be drawn out from it, as in . 


the figure. To 'the latter is joined ied a pulley, which 


will be at H when it is puſhed in, and at 5 when it is 


drawn out. Let alſo a wire & be faſtened to it, ſo as 
| that 


7 


that it may move with it under the pulley; and let 2 
ball G be made to ſlide upon the wire. When the 
moveable ſquare is puſhed in, the ball may be drawn 
along the wire by the thread m paſſing over the pulley H; 
wire in a direction parallel to DC. If now the extre - 
mity of the thread be faſtened at I, ſo that the ball maß 
haye both motions impreſſed on it together; it will, 


whilſt the ſquare is drawn out, be obſerved to move 


dene _—_ of the fixed 8 er, 


75 14 
# : WEL 7 #3 


In hs cafe hel heron a it is not ne 


- ceſſary to ſuppoſe, that the impulſes of the two fares 


* impreſſed at the ſame inſtant; ſince, by the preced- 
ing Law of Motion, the motion communicated by either 


| pom continue unvaried, and may en een 


with any ſubſequent impulſG. 


4 + . 
4 \ 0&8 * Ws 4 1 1 8 2 
— Ws... - 


% 


_ . e 8 
Cor. 2. F one of the forces: communicate hut a * 
pulſe io the body, and the other act cuntinualiy during the * 


F — . 
% ͤ ²·•·• 


line. . « $4" 


If the body 4, fig. 4- plate 1. be impelled.in the di- 

rection 4b with a] force which would cauſe. it to move 
to b in an indefinitely ſmall portion of time, and in the 
2 Ac with a force which would in an equal time 


> . 
ET 1 ö 


* * eee ee e deterbed, 5 ohen a fingle im. 
pute; is combined with, a continued foree; 2, when two continued. . 
forces, varying in different ratios, are combined together; 3. when 
añ unvaried or conſtant force is e with a varying inn 

| 8 Wor cauſe. 
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cauſe it to move to c, it will at the end of that ſmall 
continued uniformly and in the ſame direction, by the 
preceding Law, would caufe the body to proceed in the 
next equal portion of time through de equal to Au, but 
another impulſe of the continued force in the direction 
af will cauſe it to move in the diagonal dg: and in the 
like manner in the third inſtant it will move through gb - 
and ſo. on. But as the action of the force in the directi- 
ons Ac, df,” &c. is ſuppoſed to be continual, the change 
of the direction of the W. will be ths ond its 
e Wa line. 

or. 3. neee eee 0 W e 

*. oblique to each other, be to each other in the. ratios of the 
fader of a triangle drawn parallel to theſe direftions, they 
nen r e e 


This is proved by the Compoſition 4 Gai it 
may be ſhewn, that any two of the three forces will: com- 


pound a force equal and contrary to the third. Thus, 


if three forces drawing the body 4, fig. 5. plate 1. in 


1 two of the forces act in directions exactly oppoſite to each other. | 


the tliree forces will not be in equilibrium; for the two forces directly 


oppoſed to each other will not compound any intermediate- force tos 


counterbalance the third given foree: nor can this compound with 
either of the other given forces one which ſhall be directly oppoſed 
to the remaining one. Hence it follows, that a cord not perpendicular 
to the horizon cannot be ſtretched, ſo as to be perfectly ſtraight: for 
it "this could be done, the tending forces would be directly oppoſed to 
each other, and yet counterbalance the weight of the cord, Which is 
a third forte acting in a direction oblique to thoſe of the former. 
, 3 | the 


F AG 
* 


compounded force will be equal e 


* 
an 1 N 83 a Saad a 1 
urouallion, Ne 14 | 
Aas old; AC," and 40, n another in 


the ratios of che ſides of the triangle ABD, which-arg 


reſpectively parallel to their directions; complete the 
paralltlogram AR, and A will be proportional” to 
the force which acts upon the baiy in det diyeBion;; be- 

exuſe (Eucl. book 1. pr. 34.) it is equai to D, which 


is proportional to the ſame force by. the. hypotheſis, 


But, by Cor. 1. the two forces, which are proportional 
pound a force proportional to the diagonal AD, and in 


| the direQtion of AD./ Sincethen the third force, which/ 
| pulls from 4 to G, is, by the hypotheſis, proporiionab 


to the ſame line ID confidered ag a ſide of the triangle; 
bur acts in the oppoſite direction, the action of th 


the third ure, and the body will remain at reſt, LITTON 


This coroHary may be proved TEE if dee | 
cords faſtened to the body be paſſed over pulleys:placedr = 
on a plane parallel to the horizon, ſo that the cords may: 
reſpectively be coincident with, or parallel to the nder 
of a triangle drawn upon the plane; and-weights be at- 
tached to the extremities of the cords, which: ſhall be 
one to another in the ratios of the ſides of the triangle 


reſpectively e to che e by 


which they. are * ſuſpended, 


o — 


This experimental, five of this. corollary, ih 
likewiſe a confirmation of the compoſition of motion e- | 


plained in boy pf Since it proves 2 0 
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that the force compounded of any two of Ot 
ee ener mn 

© Denote, If o ah on a 460 . d. 
rectiont oblique to each other, be at reft ; theſe three forces 


miuzſt be proportional to the fides wg which are re- 


ectively parallel to ours directions. 


11 Worten ee 4b # 


e ee ee . to ee ene 


triangle, they would balance each other, by what has 


been already proved. Therefore, if any force were greater 
or leſs in regard to the other forces than in the ratios of 
the ſides of the triangle reſpectively parallel to their 
directions, the equilibrium would be diſturbed, and the 
e eee not remain nt 1 
theſis “, 01. 


On this compoſition of forces or motions is founded 
what is called their Reſolution. By the reſolution of 
forces is meant the inveſtigation of two diſtin forces, 
which by their combined operation would produce the 
ſame effect as any given ſingle force. This is important 
in Mechanics, „whenever the regu in n 1 
„„ * e | 

Ces The equilibrium of, forces acting in oblique anne | 
fined to the caſe of three, but may be expreſſed generally in the fol- 
lowing manner: If any number of forces acting in directions oblique 
to each other, be to each other in the ratios of the ſides of a right- 
lned Bgnre drawn parallel to their direCtious, there will be an equili- 
brium. For theſe may be ſucceſſively combined into forces repreſent 


e by diagonals of the figure, until the caſe ſhall be at length reduced 


to that of three forces proportional to the ſides of a * reſpec- 
N parallel to (heir directions. 


force 


— 


4. For complete the par 


's 


force adde, is qblique:to the direRtian in which the effet 
is to be produced: for, by reſolving) the force into two 


forces, it is determined how much force is really exerted 


to the production of the effect, and how much — 


men of 0 eee 
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Cor. 4. ———— any et being — 

find what force is exerted upon that object in any propoſed di- 
nnn in \which tbe given force is Ws. 

In 8 . fg. 6. let 2 SP rb nga har te. ch. 

which in a certain time would cauſe the part à to which 


it is applied to move from... to b, but let the body be 


faxed at C, fo that the point a can only move in a direction 


ase perpendicular to CD, whillt it deſcribes an arch round 
the point C. From draw a right line bd. perpendicular 


to at ; and, if ab repreſent the giyen force, ad will be pro- 
portional to that force which really acts to move the point 
repreſented by ad and 4 wauli a "rs ee the ſame 


| effect-as. the given force repreſented hy ab (cor. 19 : but 


rs bn 0 


_ giment, To a body HL TE as CD, let à cord 


the force ag, which ads in the direction of CD, can nat 


have any effect in moving the body round the point C. 
"'Thepefore'the-caber force , which acts in the dirgſtian 
of the circular mug t, ; 


1 5 
44 
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a bi nne an oblique angie. 
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be eadhet "at's in ths Gsies ab; and parallel to 


horizon, and by this cord, old ions owalley//h = 
weight be ſuſpended : and if another cord in the direc- 
tion da, and alſo parallel to the horizon, be attached 
likewiſe to a, and paſſing over a pulley ſuſtain a weight, 
which ſhall have the ſame proportion to the former which 


. nenen 2 


0 3 x 
Law. 3. RT SP SHRINE Io 
or the actions of two bedhies on * ANN ny pri ah 

Peg por 24-9 


This a 'reaQicn h ate WES. wap, 


chat of every action, appears from many conſiderations. 


If che hand preſs againſt an obſtacle, it experiences a 


ſimilar preſſure. If a horſe draw a load, the retardation | 


of his progreſs is the effect of the reaQtion' of the load. 
But that reaction is equal to action, as well as contrary 
do it, is proved by experiments on the attractions of bo- 
dies. If two fimilar and equal bodies of the fame | 
kind of ſubſtance be ſet to float on water, and a cord at- 
tached to one be paſſed over a pulley connected with the 
other, and ſuſtain a weight, which in its deſcent may 
cauſe an attraction to take place between the floating bo- 
3 they will be equally drawn, and meet in the.mid- 
point of their original diſtance. In the like manner, 


if two magnets be ſo placed on pieces of cork floating on 


Water, that an attraction may take place, each will at- 
tract the other; and, if their weights be equal, and the 


corks equal and ſimilar, chey will meet in the middle 


e e n. 1 
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it will be svident that the forces with which they meet 
urg cabal? ſince they will he obſerved to ſtop hen they ji 
| - wet Their yelocities will not indeed be equal, except 9 
I they arg of ggyal weights and af Gmilar and equal forme A 
duch therefore, they will oni in this caſe meet in 6 | 
| middle point; but in all caſes they-meet-with equal force, 
h ſince the force of each is juſt ſufficient to counterbalance | 45 4 
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S e Ream ene 
has been called the Inertneſs of Matter, or the Vis Iner- 
| tiz, which hag, been defined to be the power of reſiſting, | | 
by which grery body perſeveres in its Rate, either of 
reſt ar of Woving uniformly in 2 Sraight line. That a 
body will perſeyere in its tate, either of reſts or of uniform - 
rechlingar motion, unleſs compelled to change it 3 is he 
If Lay gf Motion: and from the 38 Law it appears 
that ip yielding, it rente zn equal and- appofte fe 7 5 
5 upon that body, which compels it ta change its Rate: 
B af exarpnal Farce is theres 
EE forg. conceived 49. be 2 general property inherent in all 
. matter, and is on that accaunt alſo denominated Vis In- 
fits The xis inertic of any body muſt be proportional 
to the quantity of matter contained i it, becauſe, ſince 
tit is a general property of matter, Wy e e 
r yu he che aggregate of the inartneſs of al its 
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muſt be diſtinguiſhed from its velocity. If bodies were 
not inert, and conſequently yielded without reſiſtance to 
any force impreſſed, the moving forces need not have 
any reference to the maſſes, or quantities of matter, to 
be moved · But fince all matter is inert, a greater force 
muſt be required for communicating vom: 
a e quantity * matter. 

| The avg forces e and equa 
tities of motion communicated to them in a given time, 
are proportional to the quantities of matter moved, and 
the velocities communicated, ve N 


For (by Lak 2. if the quantities af matter in the 
two bodies be equal, the moving forces will be as the ve- 


locities communicated. If, on the other hand, the velo- . 


cities communicated be equal, the moving forces muſt 
be proportional to the quantities 'of matter moved with 
the given velocity; fince a double or triple force would 


be required for communicating a determinate velocity to 
2 double or triple quantity of matter. If, therefore, both 


the quantities of matter and the velocities /are unequal, 
the moying forces, and conſequently the momenta which 


they communicate in a given dme, müſt be dran | 


onal't to the * of matter and velocities, n 


Uniform ality is . which Aa body 1 = 
equal times moves through equal ſpaces. 


Two different uniform velocities ape proportional to 


* ſpaces, through which bodies, moving Vith theſe ve- 
Jeeities reſpectively, would move in equal times. 


If 


1 _ 


* 
— Ae, . ͤ 0 yh ce Gat IRS cp 


N Ya 
| Il we velocities, with which bodies move, be e 
5 they can be compared together only by reducing, them to 
the caſe of uniform yelocities ; that is, by comparing the 
ſpaces, through which bodies would move in equal times 
with the velocities continued uniformly from the inſtants 
of time, for which they are to be eſtimated. Such a 
compariſon will enable us to determine juſtly the ratio 
of the two velocities at thoſe inſtants ; whereas a com- 
pariſon of the ſpaces actually deſcribed would be cit 

by the e variations 17 the woes. 


8 the * rene which rela | to | the 
| 'notohs of bodies. : 


| c If it be 3 * ſays Mr. an « "on 
what evidence our aſſent to theſe axioms is derived, it 
| | may be replied, the evidences are of various kinds. 
| | I. + From the conſtant obſeryation of our ſenſes, which 
* tend to ſuggeſt the truth of them in the ordinary motion 
ö of bodies, as far as the experience of mankind extends, 
2. From 4 experiments properly ſo called. In theſe it 

1 always appears, that when the moſt 6 | 


| ®* Treaiſe onthe Refilinear ocia apd Roy of | Bodies 

+ "This be depends not e 

: obſervations, but on their extent ; nothing contrary to the axioms be- 

Ang obſerved in eee eee gg: 
e | __ F- 


$5.18 experiments every power is removed, as ar may ya, 
wo n examination.” 15 
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uid in örder t6 fübfekt theft Bottik; of HWs'ST Albtiin, 
ts tik fexereſt and moſt minute eKaminawönt, By nV. 
ing If inpedimintt which MAY WAL t Sceshon thy de- 

Watldn fin the Wath; We Terüft th Date feat Sgree. 
meli between the eperimtents ind the Ibn Juft mei 
diohied, the mote perfeckiy ine Mtchtions bf the Erperl⸗ 
ments Are actömplited. TIs Will dead tö 4 Beller, Mat 
if it were poffible td remove Bfery ichperfektion Röm tit 
conſtrücttön of Experimefts; and to Srteaſe che Nute 
neſs of the Lenk, of Which Wey are WAR best, W th 
infinite degree, a mathematical coincidence between ſuch 
eiperiments and the s of motibh Woch be bbferbed. 
3. From arguments a poſteriori. Let 2 Propdftiöh N 
aſſumed as true even without evidence of any kind. If, 
By Krick and ſoßical reaföfting, vous tonitldfiohs are 
deducel, which upon exzminatibh are fol cönffreft 
ainöng Heimſelves, ud With Erperkehce, Wis will de % 


nion of chem With experience, hade Beth more Extett. 
Ave. From the NeWtonith a$ions affumed th true, à 
ſyſtem has been deduced and compared with phznomena 
mn fümzerlels "caſes; ft Mas been applied to the motion | 
of the planets and comets, to that of bodies on the earths 
ſurface ; even to the motion of thoſe minute partiches 
which compoſe both ſolid and fluid fabftimees. A per- 

ſe& agreement between theſe conſequences A the akiditts 
and matter of fact has deen che reſult, no Site faſtance 
excepted. Theſe, and thier Nimilir arguments, upon 
te whole amounting to evidence ſcarcely inferior to 
| | mathematical 


Nes of mot, Mtiough Hckpiblc of area preehz 


— — Niels, from 22 ——— 
concerning the effects of forces are ä demens 


| firated,” 


In * the effects of forces from the general laws 


of motion, it muſt be obvious that conſiderable advan- 
tage muſt be derived from the application of mathemati- . 


cal reaſoning, whenever it ſhall be found practicable. 


This, however, cannot be done directly. AbſtraCt quanti- 


ty alone is the object of Mathematicks. Extenſion is 
the object of that part of mathematical ſcience, which 
is denominated Geometry; and number of that other, 
which is called Arithmetick, But Natural Philoſophy 
treats not only of the ſpaces 1 in which motions are per- 
formed, but of the times in which theſe ſpaces are de- 
| ſcribed, of the velocities of the moving bodies, and of 
the forces from which their motions are derived. - 11 
mathematical reaſoning can be applied in ſuch inveſtiga- 


tions, it muſt be done by ſubſtituting for theſe ph . | 
quantities mathematical; quantities, either right lines or 


numbers, which ſhall repreſent them, and applying to 
the former thoſe concluſions which. ſhall be proved ma- 


thematically to belong to the latter. This is allowable, , 
becauſe in Natural Philoſophy we conſider, not the eſſen- 


tial nature of the ſubjects which we contemplate, but 


merely the proportion of the obſervable circumſtances of 
(he  c#bfe% and effects which are concerned in natural 


operations. Theſe proportions may be repreſented by 
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infinite degree, a mathematical coincidence between ſuch 


eines and HE Men BF nofitH Won be 
Ss From arguments a poſteriori. Let 1 Posse = 
aſſumed as true even without evidence of any kind. If, 
b fhitth and Jofical reading, Hd toNtdfids are 
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in Proportion à8 the contcfüffens if ferfed, And te ph. 
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we. From the NeWidhith Aki ins "airutied a8 Ale, 3 
us has le — he and compared with phenomena 


of the planets and comets, to that of bodies 0: on the earths | 
ſurface z eyen to the motion of thoſe minate- partiches - 
which compoſe both ſolid and fluid fabftimees. A per- 
ſect agreement between theſe conſequences d tile ihiditts 
and matter of fact has deen che Yefift, Abe ire 
excepted. Theſe, aud VG AM Argue, pen 
the whole amounting to evidence ſcarcely Ps; to 
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In deducing the effeXts of fbtees from the general laws 55 


P muſt be obvious that conſiderable advan- 1 
tage muſt be derived from the application of mathemati :. 
cal reaſoning, whenever it ſhall be found. practicable. A bs 4 
2 This, however, cannot be done directly. Abſtraft dant: 
J alone is the objedt of Mathematicks. Extenſion is Ws 
we objeft of that part of mathematical ſcience, which © Þ 
| © is denominated Geometry; and number of that other, RR, 0 3 
ach is called Arithmetick, But Natural Philolophy | 
5 treats not only of the ſpaces in which motions are per- e 
| formed, but of the times in which theſe ſpaces are de- F; 
1 ſeribed, of the velocities of the moving bodies, and of 5 | 
» the forces from which their motions are derived. If ps, Ol 
| mathematical reaſoning can be applied in ſuch inveſtiga- „ 1 
3 tions, it muſt be done by ſubſtituting for theſe Phyße ili 
+ quantities mathematical; quantities, either right lines or 1: ll 
Pots: numbers, which ſhall repreſent them, and applying w-..- 
5 the former thoſe concluſions which. ſhall be proved m. 
| , ' thematically to: belong to the latter. This is allowable, , | 
1 becauſe in Natural Philoſophy we conſider, not the effen» 


tial nature of the ſubjefts which we contemplate, but 
the proportion of the obſervable circutaiſtanges of 
and effects which are concerned, in natural” | 
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Ry tendency towards the earth, which is called wei 
Se, The far greater pp of 
| | 4 an) 24 in iris cis 0 th avian 
| 2 they deſcend in curve lines, in conſequence of the com- 
5 Ms bination of the velocities with which they are projected 
and their ten to the earth, as has been explained in 
| Cor. 2, of the 2nd law of motion; and if they are pro- 
_ Qed perpendiculat upwards, after a ſhort time their 
motion is deſtroyed, and they return to the ab. We 
8 ourſelves experience in ourſelves the 
: 5 oport for counteracting this tendeney. That the air 
| 3 | ſurrounds the earth is heavy, is : 
| 23 5 BS, ; 5 | 18 5 : a 'Þ i” 


heavier, Phal. Tray. Vol 75. p. 366. en 19 \? STONE 474 


* of Natura Nes ich is called Pneumatics 
and its weight is meaſured by the barometer. Even 
the ſmoke which aſcends in air, is raiſed from the earth _ 
only becauſe it is leſ-heayy gliag the air through which | 
it aſcends, K 
This is ſhewn by a very eaſy experiment. The ſmoke 
of a candle will aſcend to the top of a tall receiver 
when full of airy but if che air be exhauſted, it will 


actual gravity has not yet been diſcovered, is the hypo- 


thetic matter f. heat, dawigminated  Caloric by the 


Chemiſts z it being now with good reaſon ſuppoſed, that 


the phznomena of heat and cold are occaſioned by the 


emiſſin or bGrption of a fluid ſyhſtanse · As fpr as.cupe- 


riments have yet been made, bodies ſeem to ſuffer a «_ 
ee of weights when e Not "wx *. 
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only"to" che velocities which it generates, enn be dif- 
covered in any of thoſe diſtances from the ' ſin ace, 
which we can project bodies, and it is therefore con- 
fidered as a conſtant force in regard to all thoſe velo- | 
cities which it generates in the neighbourhood of the - 
earth. We may actordingly- apply to the Gravity of 
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Rant farce.” To diſcover theſe properties it is convenient 
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* This is not accurately true, Ae, of bene r e pants of | 
the earth's ſurface, which are at equal diſtances from the Equator : for 
it will be ſhewn, that in different latitudes the force of Gravity, gene: 
rates diſſerent velocities. The only farce, which js ir val bly. propor- 
tional to the quantity of matter, is the Vis Inertis. 1 

I ann iy SAS 
mine have indeed aſcertained that on the ſummits of the higheſt moun- 
mins the accelerating force. of Gravity is. ſenſibly” diminiſhed... 
. obſervations ſhall be deſcribed hereafter, and compared with the rea- 
Koning of Sir I. Newton. - 5 
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the ſurface of the earth, which was invented by Galileo, | 
it is aſſumed that the force is conſtant ; and this ſuppoſi- 
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| Jenohſtrated vy 8 ir T,”Newtori, that it is aQtully di 


AW 3 or numbers; xpreſs'the 
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or of the numbers by multiplication, the inverſe ratio of 
 thele ſquares will be the ratio of che fortes, with" Which 
Gravity would at thoſe diſtances accelerate any body to- 
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1 To prevent this deviation , Enel have been invented. "Theſe " oY 
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5 =P | OE Yr IE, | Whillt a bullet is forced through 88 3 
1 | 1 nne barrel, it acquires from the indenture a rotatory motion round | _ 
* © - {lad a the "tine of . diredion; and is conſequently. , 
5 exempted from the irregularity CIAL tne been deer,” «halt \ 0 
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it is diſturbed, it will be ewdent that the epa of 
Gravity vit thoſe forces which euuſe the diſtunt wore- | 
ments of the heavetily bodics, win afford à mer more | 
 ſatifaQory method of determining the law ef "its: dini 
nution- But another conſiderable advantage” urifes from 
this canipariſon; We learn from it that the farke Fore = 


gf Grayityor;Weight;' which 3s the object of dur or. 


nary obſervation, is extended thivighout' the 'waiverle, . 
and is the, active principle which meintaine all He prete = 
motions of the whole ſyſtems of name, Sir I. Newtoil's 
method of demonſtrating that the ſorce of Gravity varies 
in the inverſe duplicate ratio of the diſtanced from: the 
center of the earth, confiſts in proving 1. thut the moon 
5s, in her motion round the earth; urged by u force tends 
ing towards the earth, which varies according to'this | 
i; and 2. that this foree is the lame with Gravity. 
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deo in esch of theſe inſtants of time; and in the firſt, — * © 
|  influinty/let'the ee to eee e = 0 


. garen 48 9. In the next . "ths Wer would, 1 55 50 „ 

|. | force ate on it; move in the fime direction to :deferib- 
| ing Bc equal to 4B, agrecably to the firit law of motionz— — - {| 
»in wich caſe the area B&e deſcribedin the ſecond inſtant 
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n e body to deviate from the direction AB into 


ſome other, as BC, yet ſo as that the area BC, which it 


Ul deſcribe in regard to the body. 8 in me ſecond in- 


ſtant, may be equal to ASB deſcribed in the firſt. . Since 


then the area BSC, is equal to ASP, it muſt be equal to 
be. Therefore (Eucl. book 1. pr. 30) the right. line 


c, which is parallel to the direction in which the force was: 
exerted upon the body at B, muſt be parallel to BS. Con- 
eng, that force was there exerted in the direction BS: 


In the ſame manner it may be ſhewn, that at ang other 


points C, D, &c. at which the body artives in the ſeveral 
ſucceſſive inſtants, it is urged by forces acting in the direc- 
- tions C8, DS, &c. If now the force be conceived to ct 


continually, the perimeter ABCD will be converted into. 


a curve line, and the force, continually changing its di- 
reftion, will . tend towards the bony: 8. 


Cor. We moon it e in the orbit which fe lente 


round the . by a force directed towards the earth, bapry ' 
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"by comparing the i 8 of, the. moon in 
different parts of her orbit, the ratio of her diſtances 


from the earth, which is the reciprocal ratio of the ap- 


Parent diameters; is diſcovered. But the angular motion 
| of the moon round the earth may alſo be obſerved; and 
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round the earth in equal times, with the ratio of her diſtan- | 
ces, it is proved that ſhe deſcribes round the earth equal 
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i Arhaving been proved, that the moon is retained in her 
- orbit by a force conſtantly directed towards the earth, it 

muſt no be ſhewn that this force, at different diſtantes 
from the ceiiter of che earth; varies in the reciprocaꝭ du 
plicate ratio of thoſe diſtances. Sir I. Newton has de- 
manſtrated this from a coplideration. of the elliptic form 
of the moons orbit. He has * proved that fince the moon, 
_ revolving in an ellipticorbit round che earth placed in one 
of che foci, is urged by "x forte directed towirds that 
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p * Philoſophiz Naturalis Prine. Mathem. lib. 3. pr. 3 3. 

& abſeryed, that the moons deviation from a regularly xlliptic orbit, muſt 

© be aſcribed to the pertufbating force of the ſun. If this force were 

| eferted equally, and in parallel directions, upon the carth and mon, 

it could have have no eife@ in regard to their relative poſitions. © The 

Nee e ee e — 
| A Nance her moving with the earth round the fun in the ſpace of 
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neceſfary to attend to the elliptic forms of the orbits . 
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. by wning alot rm dh lm of the cen W 
central body z as ; of the primary pena ants . "8 
round the fun, or of the ſatellites which revolve; round © 
the ſame primary planet. + In; theſe caſes we are enabled 9170 
to diſcover the variations of the force tending to the com- & - i 
mon central body, by comparing the motions af the bo- 


dies which at different diſtances revolve round it; and. 


0 


orbit round the earth, it may reaſonably be inferred from 
the ſmilarity of her motion to chat of each of che bo; | 
dies revolving round a common central body, that the 1 
force by which ſhe is retained in her orbit, is of the ſame — 
kind with thoſe which urge them towards their common I 
center, and would, if the earth were attended by more „ 
chan one ſatellite, be found to obſerve che ſame law af 
variation. For the eſtimation: of theſe forces it is not 


although the moon is the only body which deſeribes R 1 


the planets, but they may be conſidered as revolving in 9 
circles, whoſe radii are the mean diſtances. Nor is it A 
neceſſary to conſider the maſſes of matter contained in 
the moving bodies ; becauſe it has been already ſhewn OE a 
, (Law 1.) that Gravity, at che ſame diſtance from . 
center of the earth, acts in proportion to the quantities 
of matter which bodies contain, and the inquiry. is g 

12 e the variation of its OI _— 
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compelled to deſeribe cireulas orbits with uniform motions, n 
toward; the centers: of the orbits, and are jwoportzonal: to the 
urge wh hehe ee 
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10 becauſe; en account- of: hein uniloem, motions, tha 
| bodies defcribe reſpectively round them equal. areas in 
1 The forces therefore. at A and a (plate 2. 
» fig. 5. and 6} act in the directions A, ac. Let 4B, 
ab repreſent arches deſcribed in equal times indefinitely 
mall, fo that the bodies may be ſuppoſed-to receive each 
a ſingle impulſe from its centripetal force during thoſe 
times. Since then the bodies would, if no- centripetal 
forces acted on them, move in the directions of; the tan · 
gents agrecably to the firſt law of motion, if BD,. bd. be 


drawn parallel to the — — . 


tal forces in equal times, and 1 conſul propor: 
RPA NE wee | 


—_— 


The 2 82 times maſk be cn 1 indefinitely fall, 


ſo as to admit but fingle impulſes of the forces; partly 
becauſe the forces tending t towards the centers of the or- 
bits are perpetually changing their directions, and partly 

bedcauſe 
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By „ forces are in the ans. of the / 


verſed fines AD, ad. But fince the chord A is (Euel. 
hook 4 Pr, B. Gr) s meagiproportional. between AE 
ee (Eucl. book 6. pr. 17), 


a = AD. t hs the matter == 


ad. Conſequently, me forces ate alſo in the ar 


F 
222 2 AC, ac have the fame ratio ag 


the * AE, ae, and may therefore be ſubſtituted. 
for them without altering the ratio of the fraQtions. | 


Therefore the forces are in the ratio 4 I Fort: 


And, inge AP, ab are the chords of abs Gap | 
to be deſcribed in times indefinitely ſmall, they may be 
conſidered as coincident with the arches, "Sings then it 


appears from Arithmetic, that two fraftional quantities 
are in the ratio compounded of the direct ratio of the 


reciprocal ratio of the denomina- 


numerators and of the 
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that is, of its force conſidered only in regard to the velo- 
_ cities which is generates, RIG 
— pts 


wg 2. The 3 hich e one 
compelled to deferibe oirculas orbits with uniform motians, tend 
towards the centers of the orbits, and are proportional: to the 
Peet me the bodies deſcribe in equal 
Himes indefinicch fell 


FF 
2% beraula,-on .acrount- of. thein unden, motions, the 
bodies defcribe reſpectively round them equal areas in 
equal times. The forces therefore at A and a; (plate 2. 
fig. 5. and 6) act in the directions AC, ac. Let 4B, 
ab repreſent arches deſcribed in equal times indefinitely 
| ſmall, ſo that the bodies may be ſuppoſed to receive each 
a ſingle impulſe from its centripetal force during thoſe 
times. Since then the bodies would, if no centripetal 
forces acted on them, move in the direſtiona of, the tan- 
gents agreeably to the firſt law of motion, if H, bd be 
drawn parallel to the tangents, AD, ad will be the ſpaces. 
through which the bodies are impelled by their centripe- 
tal forces in equal times, and are e e 
tina? ta theſe . 


The 1 times moſt be conceived indefinitely ſmall, 
ſo as to admit but fingle impulſes of the forces; partly 
\ becauſe the forces tending towards the centers of the or- 
bits are perpetually changing their dixections, and partly 

| becauſe * 


8 be eſtimated nee, inthe | 
WW the circles, 8 


* 3 The 9 1 are in 8 ratio "wine 
ale the duplicate ratio of the arches deſcribed in any equal 
times ne. of RIA? 1285 en, 
cally. | ; | | — bY | 


By the preceding, the 3 ratio of the 
verſed fines AD, ad. But ſince the chord AB is (Eucl. 
book 6. pr. 8. cor.) mea 
and AD, AB3= AE x AD (Eucl. book 6; pr. 17), 
and therefore = AD. In the like manber === 


ad. Conſequently, che forces ate alſo in the ratio of 
4 2 8 But the radii AC, ac have the fame rc ag 


the Fs Ps AE, ae, and may therefore be ſubſtituted 
for them without altering the ratio of the fraction 
Therefore the forces are in the ratio of ER W „ 
And, ſince AB, ab are the chords of arches ſuppoſed 
to be deſcribed in times indefinitely ſmall, they may be 
conſidered as coincident with the arches. "Since then it 
appears from Arithmetic, that two fractional quantities 
are in the ratio compounded of the direct ratio of the 
numerators and of the reciprocal ratio of the denomina- | 
tors, the forces, which have been ſhewn to be proporti- 


onal to che fraction quantities na —— ia, are in the 


ratio compounded of the direct ratip of ABq to abg, or of ng 
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the direct duplicate ratio of the arches acketibed'i in equal 
times indefinitely ſmall, and of the reciprocal ratio of the 
radii AC, ac. But, on account of the uniformity of the 
velocity of each body, the arches deſcribed in theſe equal 
times are. proportional to the arches deſcribed in any 
other equal times. Therefore the forces are in the ratio 
' compounded of the duplicate ratio of the arches deſcribed 


in any equal times directly, and o the e ratio of | 
the radii Ie. 


Cor. The forces are in #he ratio 3 7 the du- 
plicate ratio of the velocities directiy, and of the femple ratio 
of the radii reciprocally ; that is, if V, v repreſent os ve- 


locities; and R, + the radi ; as Fo 


Since the arches deſcribed in equal times are, on ac- 
count of the uniformity of the velocity of each Body, 
proportional to the velocities (ſee page 18); the forces, 

Which have been proved to be in the ratio compounded 

of the duplicate ratio of the arches deſcribed in equal 

times directly, and of the ſimple ratio of the radii reci- 
procally, myſt alſo be in the ratio compounded of the 
duplicate Tatio of the velocities directly, and of the ſimple 
ratio of the radii reciprocally. 
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Pros 4. If the fewares of 3 expre, Hing the ratio 
of the ' periodical times of tao bodies revolving in circular or- 


bite, be proportional to the cubes of numbers expreſſing the | 


e o. ws 
"ratio. of their difance Pram 'the ante, their dee for- | 


ces. are in the ee e Fats ve We _” 
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compounded of the ratio of the ſpaces deſcribed, or pe- 


ripheries, directly, and of the times of deſcribing them, 


or periodical times, reciprocally : for uniform _ velocities 


are gfeater in the ſame proportion in which the ſpaces 
deſcribed, are greater, or the times of motion leſs. There- 


ſore, ſince a ratio compounded of a direct and of a reci- 
procal ratio may be expreſſed by the ratio of two fracti- 
onal quantities, on atcount of the property of ſuch quan- 


tities mentioned in the preceding propoſition, if the peri- 


pheries be wa by P, p, and the periodical times 
3 
0 for hat of the perigh rs (Thor: a e 


[io 5. Tacg. Eugl.) ; : Pac : ; and conſequently 
Pa : q : : v; * . Since Gereke the forces 


are Ty ene 


or 1 5 „ by ubſtituting for "the ratio, of 
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ee — But, by the W the ra- 


tio of the ſquares of the times is in this caſe the fame 
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with that of che cubes of the diſtances, or the ratio of 


u to ta the fame with that of Re to re. If then this ratio 
be ſubſtituted for the former, as being equiyalent to it, 
che forces, 3 ee wee OE | 


K 
Ta — 1 


| 255 on, by again amplifying the terms, e 


Y N 0 - that i, in the reciprocal duplicate 1 


tio of the diſtances. 


Cor. a abs of Genes aki 
oiprocal duplicate ratio of the diftances from the carth, 


It has been aſcertained by aſtronomical obſervations, that 
the periodical times and diſtanges of the primary planets 
obſerve the law ſuppoſed in this propoſition; as alſo the pe- 
riodical times and diſtances of the ſatellites revolving round 
the ſame primary, as of thoſe of * Jupiter, or Saturn. 

Therefore, by the propoſition, the centripetal forces of 
the ſeyeral planetary bodies, which revolve round a com- 


mon center, are in the reciprocal duplicate ratio of the 


diſtances. Since therefore the revolution of the moon 
round the earth is a phænomenon of the ſame kind with 
the revolutions of the primary planets round the ſun, and 


ol the ſatellites of Jupiter or Saturn round their reſpec- 


* The phenomena of the satellites of the Georgium Sidus have not 
yet been obſerved with ſufficient accuracy, N us to — 
feregces from chem. | 
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foree of the moon muſt obſetve the hn eee 


| to different diſtances from: the enth. e ele 
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to 60 ſemidiameters of the earth; and, ſince the number 


of miles contained in a ſemidiameter of the earth is afs 


certained by the meafurement of a degree of a meridian, 


the number of miles contained in the radius of the moon's 


' orbit is alſo. known. Hence is known the number of 


miles contained in the periphery of the moon's orbit, the 


ratio of the radius of a circle to its periphery” being 


known, with ſufficient accuracy (Theor. ſel ex Arch. props 


6. Tacq. Eucl.); and confequently, fince the moon's pe- 
riodical time is known by obſervation, the ſpace deſcribs 


ed by the moon in one minute of time is likewiſe known, 


But fince this arch is known, its verſed fine may alſo be 
diſcovered ; and this verſed fine is the ſpace through, 


e e e,, et 


* The true diſtance exceeds /g ee res 6 hana 


the earth; but the lefler diſtance is aſſumed, becauſe, in the application 


— 


of the preceding propoſitions, · no allowance is made for that motion, 


with which the earth itſelf revolves round the common center of Gra- 
vity of the earth and moon. The difference between the true and aſ- 
ſumed diſtance is juſt ſuch as correſponds to the inaccuracy of the ſup, 
poſition that the earth has no motion round that center. . 
toni Princ. lib. 3. pr. 4. 
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minute of time. This * is, by this computationy 
found to be equal to 15 Pariſian feet I inch 1 line 4. 
Since then the moon's centripetal force in different dif- 
tances from the center of the earth varies, by the pre- 
ceding Corollary, in the reciprocal duplicate ratio of thoſe 
diſtances, "it "muſt at the ſurface. of the earth, or at the 
diſtance of 1 ſemidiameter of the earth from its center, 
be increaſed 60 Xx 60 times, this being the reciprocal du- 
plicate ratio of the diſtanees 1 and o. Wherefore a bo- 
dy near the ſurface of the earth, urged by the moon's cen- 
tripetal force thus augmented; would in a minute of time 


be moved through 60:60 times 15 Pariſian feet 1 inch 


1 line 3. But this ſpace is to the ſpace, through which 


8 it would by the ſame force be moved in a ſecond of time 


in the duplicate ratio of the times, by the x@ property of 
motion accelerated by a conſtant force, or as 60 X 60 to 


1. Therefore a body near the ſurface of the earth, urged 


by the moon's centripetal force, would in a ſecond of 
OI en ts Pariſian feet 1 inch 1 line 
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t is obvious that, to cauſe a body to move in a given orbit with 
a given centripetal force, ſome determinate velocity of projection is 
ceſſary. If the velocity were leſs, the centripetal force would prevail, 
and the body. would approach nearer to the center; and if it were 
greater, it would prevail, and the body would recede to a greater diſ- 
tance from the center. In a circular orbit the requiſite velocity is 
equal to that, which the body would acquire, if it were urged through 
a ſpace equal to half of the radius by a conſtant force equal to the 
given centripetal ſorce, .For let AL (plate 2. fig. 5.) be the ſpace, 
through which the body muſt be urged by the conſtant force, that it 
might acquire a velocity equal to that with which it would revolve in 
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To prove dnt Reis b. deres th u een ere 1 
3 ſame with Gravity, it is now neceſſury chat the intenfity - 
of the latter at the ſurface of the earth ſhould alſo be aſ- 1 
8 certained : chat is, that it ſhould be determined, through | I | 
„ ſpace a body falling freely would deſcend in a ſecond "0 
of time If this ſhould be found to be the ſame as as chat | 
* aſcertained for the lunar force, the proof will d. WE: | 
complete. On account of the reaſons mentioned i in page 19 1 | 
27s. the actual operation of Gravity is "moſt accurately ed | 
aſcertained by the aſſiſtance of a Pendulum, "the S proper= 
| ties of which mult therefore” be conſidered.” 
, ' > HITIAXS. BY fn N50 0 yt ou: Son Any 6 Nag n! 
"S&H Seng. 4 of the Pendulum. 3s p £1 10 1 15 = | 
20 Ing Ot R len dt , oem 105 Wh Ire e 4 
th 3 . force with which.a body by its Gravy Gravit y de 3 
| "Trends 4. along at inclined plane, is 0 ee Fs ED, 
| | ao n 2457 93 1850 F Fs 
| the circle} and let AF be the arch deſcribed with that velocity in be 
2 Hike thing By the zrd property of motions generated by con- 3 
5 ſtant forces, Ar 2 AE. But, by the 1ſt property, A is to AD in A 


ö n eee e eee een eke . 1 4 
N 10 dy ee AN AN. | Conſequbatly ALX 4B : Ps 
NA „ ADN AE : : AN: AN; and, by akernating-dAZX AE: AR : a 
| : : ADXAE AN. But AD X AB ANN, the indefinitely ſmall 
arch coinciding with jts chord. Therefore AL X AE = AN. And 
| fince it was before ſhewn, that AF = 2 AL, AN = 4 ALIA. There- 
5 fore AL X AE ale and conſequently, both quantities being | 
: Grided by AL ABZ dt, and de a 4h. „ | 5 
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Be os 4 rt 57 body is, partly fu ned If. = | 
75 1 1 n only operate by eng 4 

Tcend along the he plane z that is, it cap only bin a direc 

tion parallel tq the plane. . To, dete in mige, therefore, 

what part of the whole Gravity of the body is exerted 

in cauſing its deſcent, this forge. myſt, agreepbly to to cor. 4 

of the 2nd law of motion, be reſolved into two, one of 


2 ae parallel to the plane, and. the other per- ü 
| 1 55 ular ta the former. For this purpoſe, from E ; 
F perpendicular to the plane, and the whole force 
| repreſented by DE will be equivalent to the combined ac- | 


wen ef two forces repreſented by DEF, FE. Of theſe 
DF alone can operate in cauling the deſcent of the he- 
dy, the other being caunteracted by the. plane. But the 
triangle DEF is ſumilar to the triangle ABC. "There. 
fore, "ſince the force of the deſcent along the plane is to 
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access f e pe to is left” Shiite, therefore; the 
whole force of Gravity may de ehftlered as ebfrſtant 
(ſee page 26), the force of deſcent along a plane, whoſe 
ane en miſt be a OY: 
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3 | . 1 eee e 
duced by Gravity, which (lemma 1. ſect. 1.) accelerates all bodies equal - 
EE of matter moved, and 

0 1 Þ the forces are accordingly, compared 2s accelerating forces, Yo 

125 | allowance is made in | theſe propoſitions for r the friction of the furfaces, 
| | bn which the bodice Hoke: ind Winch i altowabcr ntcdffaty when 
| the reſulting concluſions are only applied to the'caſe of the Pendulum, 
in which the ſurface is amiginary. The refiltanee of the air is alſo ne- 

grind; but this, though it tends gradually to deſtroy the motion of 

the Pendulum, does not. ſeabbly alter the time of 3 its vibration through 

A Tefy Wall arch, the rehiltance in this cafe being very fibalf In the 
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forces; che ſpaces deſcribed in the ſame. time muſt be 
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the. plans, and 40 will, be, the part required. For 
(Eucl. book 6. prop. 8, cor.) AD : AB :,: 453 AC; 
that is, AD is s the holds” of the pho ia the nbd 
determined * this e HE for the We ee in 
or 2. Fee eee e he 
chords be drawn in it from the lower extremity of its verti- 


cal diameter, th cows of ibn Ho tems ie 
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Let AHFB (fi 1. plite 30 be we circle; and AB its 


_ diameter. Let any chords, as BH, BF, be 


drawn in it from B; and from 4 draw other chords A5, 
& reſpectively parallel to the former, and, when pro- 
duced; meeting in & and C the horizontal line 560. 
If then the lines Bh, Bf be drawn, becauſe (Eucl. 


book 3 pr. 31.) che angles i in F ſemicirgle are right, Ah 
would be, hy the preceding corollary, the ſpace deſcribed 


by a body deſcending along 456, in the ſame time in 


which it would fall down AB; and Af in like manner 
* ing | would 
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would be deſeribed in the time of the eme fal. me. 
fore the chords 4 „ would be. deſcribed. in equal 
times. But theſe, chords are reſpectively parallel, and 
therefore alſo — 5 to the given chords 
, BF. Since they are reſpectively parallel, the acce- 
lerating forces will be reſpectively equal, and will there- 
fore, by the aud property of motions. produced by con. + T 
Rank forces, cauſe bodies to move along the equal chords 
in times alſo reſpeQively equal. The given chords BH, 
BE will therefore be deſcribed in in equal times; and 


i abaly would, fall dow 


in the ſame time, in w | 
- diameter AB. 
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Prop. 3. Me time in uubiab eee 
clined plane, is to the time in which it would fall down the ö 
height . to the beight, or os the 
An wind” eee ves dee deen e 
7 + wh WH aorucy een 2 25 2 7 
: e 8. plate 2.) the time of the Ae ö 
\ to C is to the time of the deſcent” from 4 to D, in he 
ſubduplicate ratio of 40 to AD, by the 5 8 


nn eee e e forces. But, by the it 


' ſcent from \ 5 Dis cquit e tho radi is es 

the height AB. Therefore the time of the deſcent from 
A to C is to the time of che fall from A to B, in the 
ſubduplicate ratio of 40 to AD ; that is, becauſe (Euck 
book 6. prop. 8. cor.) AB is a mean proportional be- oY 

,  ween AC and 40, in the ratio of 40 to 8. 
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For, dy de 404 e de Abende e 
Proportional t6 the fotess, if "the tres be equal; and, | 

bf che ick property of © motions produteck by ebit- c 
Rant forces, the velocities ure proportibmal to the timer, 
if the forces be equal.” They moſt whefefbre be, willen 
both ine ties and forces e it d bens 
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dme ratio compounded of the ratios of the forces and 0 
mes, But (prop. 1.) the forte of the deſeent is tothe 7 
bote of (the fall, as the height to the length; and (prop, 1 

| Y) e time. of the deſcent is to che time of the fall, ay 

: the lerigth. to dhe height. Theſe ratios are conſequently 

reciprocal, e eee as of them | 
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ſame, by the cor. of a> ty propoſition, as if it Vf. 
city being lost ah. de ve ey acquired. t. 1 wn e 0 
che ſame, as if. the body had: deſcended. along E, sn J 
conſequently, by, the preceding propoſition, equal, te se 
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5 Schol. The preceding 3 * alſo „ 

WES nn” PRs of a Pendulum, or body fuſpended from a point | 
F , round which it Wngs by irs Gravity. For the | 
. e e eee eee 
* fuſtain the fam part 6f the weight of the body, 
1 vin the other caſe fupported by the curve curve ſurface e | 
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| 25 poſition through any arch of the * curve, Which it deferier in + 
er vibration, it with when "it Pl Babe deſcended to tie - 3 
© Sofition, aſcend through an equal Wigel of a fimilar arch, | 
. un the time of the aſcent will be” eqs” to that of the | : 
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„„ For, on account of the vejocity acquired in its Weds,” 

e „in Hot remain at reſt in the loweſt point; and, e 
. — ſimilar and *fimilarly ſitüated in regard to 

dee horizon, the forces which retard the Pendiſnt Wi, 5 | 
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part of the force of Gravity, which accelerates or retards the 


motion of the Pendulum , varies as the Je of the 2 — 9 7 
the lows Hein. e 


raten W 5 


For let the Pendalhm move in a circular Ack 4B (plate . 
3. fig. 4. whoſe radius is AC.” From the center C, and 


from A the place of the body, draw CB and AE per- 
pendicular to the horizon; and let A be aſſumed to re- 
preſent the whole force of Gravity. AE muſt therefore 


be of the ſame length in every part of the arch. Draw 


the tangent AF, and EF perpendicular to it. The whole 
forte of Gravity is, by cor. 4. of the aud law of motion, 


equiyalent to two forces acting at 4, repreſented by AB, 
EE; of which the latter, being perpendicular to the tan- 


gent, is counteracted by the ftring or rod of the Pendu- 
lum. AF therefore repreſents the accelerating or retard- 
ing force, which conſequently muſt be to the whole force 


of Gravity, as AF to AE. If now AD be drawn per- 
pendicular to CB, it will be. the fine of the arch AB, 


and, on account of the fimilarity of the triangles (Eucl. 
book 6. prop. 4.) AD : AC: : AF: AE. Therefore the 


accelerating or retarding force in the point 4 is to the + 
whole torce of Gravity, as. 4 is to AC and, ſince in theſe 


ratios the conſequents are invariable, whateyer point of the 
arch de AY 9 boy — ber or 
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— renin fore andthe 6D, . 
muſt vary cach in the ſame;ratio.! . | 


Lemma. If unequal ſpaces be deſcribed . | - 
ee do Bo + "ro 19 
of motion will be equal. | | 


For, fince in the firſt inftane tha be 1 are 
proportional to the whole ſpaces, may be conſidered as W | 
conſtant, the ſpaces deſcribed in the firſt inſtant will be . 
proportional to the forces, by che and property of moti- | + 
ons produced by conſtant forces, and conſequently, by 7 
the ſuppoſition, to the whole ſpaces. Therefore, by di- | | 
viſion of proportion, the ſpaces remaining to be. deſcribe 
ed will be proportional to the whole ſpaces ;; and they 
are alſo, by the ſuppoſition, proportional to the forces | | 
operating in the ſecond "inſtant, and conſequently theſe : 
forces are proportional to the whole ſpaces, Therefore it 4 
may be ſhewn, that in each ſucceſſive, inſtant ſpaces are | 
deſcribed, by the combination of the new forces with the. 
motions already acquired, proportional to the whole ſpaces; 
and conſequently that the whole ſpaces will be deſcribed 
in equal times, | . 


Prop. 8. All the vibrations of « Pordulum oibbating i 
circular arches are performed in . OY OR 
ja Std og ol Wt 


* 


0 | nne Et rag 
1 eee e ate 
| be deſeribed in equal times, if the Pendulum were otly a mathemati- 
cal point: but ſince in reality every particle of a Pendulum is a dif- 
tin Pendulum vibrating by its own Gravity, and at its own diſtance = 

from the point of ſuſpenſion, the whole muſt be conceived to be col- 
lectes 
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I INN by the 5 Ane for- 
ees in the deſcents are in general proportional to the 
fines of che diſtances from the loweſt point: and there, 
fore, if the arches be very ſmall, are proportional to the 
| arcual- diſtances from the loweſt point ; fince the ſines 
| may in this caſe be conſidered as coincident with: the 
arches," The forces are therefore in all the points of the 
arches. proportional to the ſpaces to be deſcribed in the 
deſcent} and conſequently, by the preceding ; lemma, 
the deſcents will be performed in equal times. But 
(prop. 6.) the times of the aſcentz are reſpeQively. equal 
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AVB (plate 3. fig. f.) begin to deſcend from. L. the wer 
lacity acquired at any point M varies as the fine mx of a 
circular arch. lx, whoſe radius is equal to LN the fine of 
LV, and verſed fine Im is equal to the difference of the fines 
LR and MS; tae al, 
A oy 46 RSX F 


50 ne 17 Nu US 


* * * 
* * 


A "yy uf 
7 . * \ 
AKON N 


- 
* 0 


Jefted into a point, . dd the 7 5 
force heing applied would cauſe the ſame motion ; and unleſs this point 
continue the ſame in every part of the vibration, the deſcription of the 
curve will be diſturbed, This is the caſe of every curve except a eir 


cle, becauſe the place of the center, of de ee il on the dif- 


only when theſe diſtances are unvaried. This he Ht nes 
the inaccuracy, with which this and the following propoſitions” are 


proved of circular arches. For the method of finding the center f 
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For the velocity-acquired-in the deſcent from 2 667 A 
; ial to the velocity acquired in falling from R to | 
(prop. 5. cor.) 3 and therefore, by the gib property of 
motions produced by conſtant forces, vaties in the ſub- 
duplicate ratio of Rü, that is, in the ſubduplicate ratio 
of RV, and conſequently in the ſubduplicate ratio 
of this differente multiplied: by the diameter DV, ot of 
BNN BNN Bat theſe quantities are re- 
ſpectively equal to the ſquares of the chord Ey, ar. 
(Eiicl. bock 6. prop. 8. cor, and prop. 1). Therefore 
the velocity at any point I vaties in the fubduplicato 
ratio o LV MV; and conſequently; fince when the 


arches are very ſmall the chords amd lines may be cbt 


dered as coincident, in the ſubduplicate ratio of 
LRa= M814, eee vr of = ANTS 
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Let MN 71 an indefinitely ſmall arch, in 8 the 
velocity may be conſidered as uniform; take mn equal to 
/ ? | | oh | and 
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eee he ſuniperphety pai 
| the velocity achuired at F: nme The arch | 
xt will be deſcribed with this uniform motion in the fame == 
| tiiney/inwhich-M{N is deſcribed by d Penslemz fines * 
8 — they are proportional: to the uniform 
| Ing with bene schie —————— 
mach ſpaces (fee page 18). » Let ar be dawn parahel ch 
"i inciding with its tangent, will be ſimilar (Rucl. book G. 
. prop. 40) becauſe the angles at 1 and m ure right angtey} 
* or n. But mn was taken equal to che difftrenee 
df the fines M, NT, and may therefore, on account f 
difference of the arches MN. Therefore V m + 
: MN, or the velocities are proportional to che ſpaces. 
: The ſam may de hen ef all "other | correſporiding —o | 
parts of the two achtes. Therefore the whole time 
| | ofthe vibration- is) equal is We time of deſcribing the 
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of. Adige geddes che ante velodityy «its 

ſpaces defcribed, becauſe: the velocity is the ſame or 46 
the periphery. of a cirele to its diameter. But the time of 
deſcribing the ſemiperiphery with this velocity is, by the 
_ the radius with the ſame velocity is equal to the time of 
the fall dowm half of the length of the Pendulum. If 
2 body deſcend along the chord LY, it will acquire the 
(prop. 5 and cor. of prop. 6), and the time of deſcend» 
ing along the chord LV will therefore, by the 3rd pro- 
perty of motions produced by conſtant forces, be double 
of chat in which a body would with the velocity ac- 
quired at / continued uniformly move through an equal! 
ſpace. And, fince the time of deſoending along the 
chord LV is (prop. 2. cor. 2) equal to the time in which 
2 body would fall down the diameter DV, the time of 
falling down the diameter DV is double of that in which 
2 body would with the velocity acquired at V conti- 
nued uniformly move through a ſpace equal to the 
chord LY, But, fince the arch LV is very ſmall, the 
fine LR, and conſequently the radius , may be con- 
| fidered as equal to the chord LY. Therefore the time 
of falling down the diameter Dy is double of the time, 
in which a body would with the velocity acquired at“ 
continued uniformly deſcribe-the radius V/. But, by the 
1ſt property of motions produced by - conſtant forces, 
the time of falling down the diameter DF is alſo double 
a of Eo | lum, 


lum. Therefore the time of n one. half of 
che length. of che Pendulum is equal to the time, in 
Which a Fr 
tinued uniformly deſcribe the radius JF, 3 
4 thith ate; | 1 * 193, * 1 

„ 3 
rent * lengths perform . vibrations in very ſmall; urebet, are 
in the ſubduplicute ratia of the 1 the Tree, 
. * e e e b be 


1 
For „ tha ea Af eee 
through a very {mall arch is to the time; in which a body 
would fall down half of the length of the Pendulum, as 
| the : periphery of 2 circle to its diameter, by the. 9 
ing; that is in a given ratio (Theor. ſel, ex ' Arch. prop. 
6. Tacg. Euel. ) The times of the vibrations are chere 
fore proportional to the times of the falls down the halves 
of the lengths of the Pendulums ; and conſequently, by + 
the il property of motions produced by conſtant” forces, 
in the ſubduplicate ratio of the halves of the lengths, or 


in the ET: ratio 2 of. the Loos. ed themſchyes. 
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. Fe biet, 8 25 
time bY Pendulum of different lengths, are reciprocally in 
the ſubds 215 ratio of the 1 95 the Pendulum. 1 
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For the numbers of vibrations 8 in che 1 


time muſt be e ee ee 
N vibrations; . Fas 


; 
« 

8 . ; ; 433 
1 


* 


| © Th lng th ices bers the pans of upnan 
Er C COR : ; 


7 " prop. 


: ; - 
» 6 6 


#\ 


6 — of Natural Philoſophy. 


Prop. 13. {f the forces of Grovity be d feu, the lengths 
1 eee 
e mne ia dialen 

For the equal times of * e pouch 3 a) 
the ſame ratio to the times of the falls down the halves 
of the lengths of the Pendulums. The times of theſe 
falls are therefore equal; and conſequently, by the 204 
property of motions produced by conſtant forces, the 
forces of Gravity are proportional to the halves wo 
* or to che e RING PORT. eee 


=... 5 "oe 
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Toop 14 'F a Pendulum ed * vibration ina 
| ſecond, the ſpace through which a body would fall i in a ſecond 
i to the half of the length of the Pendulum, in the duplicate 

ratio of the Periphery of a circle to 45. oy nn ABS 


£4 F* 
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The fine of the Wn png or one ſecond, is | (prop. 
11) to the time. of the fall down the half of the length 
of che Pendulum, as the periphery of a circle to its dia- 

- meter. Therefore, by the 1ſt property of motions pro- 

duced by conſtant forces, the ſpaces through which bo- 
dies fall in theſe times, or the ſpace through. which a 
body falls in a ſecond and the half of the length of the | 
Pendulum, muſt be in the N of this ratio. 


30 — The dine « fade of. Pendulum 
is not altered (if the reſiſtance of the air be not conſi- 
dered) by varying its weight, ſince Gravity accelerates 
: all bodies equally (Law 1). A Pendulum however made 
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more eſſtetuallj overcomes the reſiſtanee of the air, 
Which remains the ſame whilſt the bulk and/velocity of 
_ the Pendulum axe unvaried. In another reſpect alſo 
the timeiof the vibration of u Pendulum may be affected 
by the nature of the ſubſtance of which it is .compo= | 

*All ſubſtanceg/ate expanded by heat, and cons 
my cold. TRE" length of a Pendulum is there- 
fore altered by variations of temperature, and (prop. 12) 
the times of ite vibrations muſt be altered in che ſubdu- 


| plicaeritio of its lengths,” Desk. wood is found to be in 
a very ſmall degree affected by changes of temperature, 


che rode of Pendulums. Mr. Nicholſon mentions (In- 


moductiom to Nat. Phil. vol: 1. p. 91.) that © the wood 
called Sapadillo is faid-to be ſtill better,” Various con- 


moval of this inconvenience, by the compenſation of 


contrary expanſions or contractions. Of chele this eee 


following oem to be "_ mne. a e 
Ys 10 12 got n 


By. ? » 3 
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| The Gridiron Pendu pps ro geek 
of any convenient odd number of rode, as five, ſeven, 
en or ee ne . 


4 : - 1 — 
{5 62 Jaaft ty CG 


+ There are ee his gente) pole n in 
contracted when expoſed to heat. This however is attributed tothe 
expanſion of the fluid which it had contained. It has alſo been ob- 
ſerved that water, though it is contracted whilſt its temperature. de- 
ſcents from the boiling point, or #12 degrees, to that of 40 degrees, 


is yet expanded during the farther diminution of its 8 0 


the Tong be eg, . Ne 


$8 "OT 


E W Exp. Eſſays. 


* ag + : : "x 5 


or a denſer ſubſtancej by moving with à greater momen· 
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nnn PN I faſtened in — 
but the three inner rods paſs looſely through holes made 
in the ſame - bar. The three inner rods are all faſtened 


in the croſs bar DE, All the rods are faſtened in the 


lower eroſs bar FIG, except the middle one which paſſes 
freely through it, and ſupports the flattened ball or lens 


H. In this conſtruction the expanſion. of the exterior 


rods depreſſes the bar FG; the expanſion of the two 
next rods. on the contrary removes the bar DEto a great- 


er diſtance from FG; whilſt that of the middle rod in- 


creaſes the diſtance. between the bar DE and the lens H. 
If then the two reds, between the middle and the exteri- 
or rods be made of a; ſubſtance, whoſe expanſion is ſo 
much greater than that of the others in the ſame change 
of temperature, that it may, by elevating the bar DE, 


compenſate the depreſſion of the bar FG by the expan- 


ſion of the exterior rods, and the increaſed diſtance of 
the weight H from the bar DE, it is evident chat the | 


interval between the weight H and the point of ſuſpen- 
ſion A will remain unchanged. For this purpoſe the two 
exterior rods and the middle one are made of ſteelʒ and 


the two others of a compoſition of zinc and ſilver, or of 
braſs. The adjuſtment of che contrary expanſions is made, 
from obſervation of the motion of the Pendulum, by va- 

the diſtance of the bar DE from FG, and conſe- 


quontiy the ratio of the length of bes to chat bk the 
ve On; the combination.” a7 31g 41D 


, * 
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The other contrivance, which has hean invented by Mc. 
* Croſthwaite of Dublin, is more e Ona bracket D 


. 8 of \ ihe Roy li auen forthe yer 8h. 
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C, from which is fuſpended' another rod of ſteel 4, 


vious, that in this Pendulum the place of the weight is 
not varied by the equal and contrary expanſions' of the 
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be 3. dB 7) b. fpporteda 76d of del B, which 
has liberty to move freely upwards through ſtaples 1, 2, 
37 4. At the upper extremity of B is formed a gibbet 


forged out of che ſame bar, and in an reſpects fm 
to B. The weight is attached to the rod A. It is ob- 


two rods. Its diſtance from C is indeed altered; but 


chis does not affect the real length of the Pendulum; be- | 


caufe that is determined by the application of two checke 


immoveably fixed at K, between which pads 1 


OP ” which the rod A1 18 dagen, 448119 


To rod the 3 of kricion at hs point 5 


ſuſpenſion, a ſmall flexible ſpring is commonly uſed for 
pj connekting the Pendulum with that point. The form 
of à lens is choſen for the weight, that the of, 
the air a be as. little as poles. : | 

ee id ER IS Ein Pk 8 3 
been propoſed as the beſt ſtandard for correcting the diſagreements and 


uncertainty of the meaſures both of extent and of weight. The re- 


ceived meaſures of both theſe are derived from elementary meaſures 


incapable of preciſe determination. and are:theinkelves different com> 


binations of theſe elementary meaſures according to the 


uſages, of different countries, and even — ot rhe : 


country. The Pendulum however affords a ſtandard meaſure, which 


may at all times be aſcertained with conſiderable accuracy. in the 


ſame part of the earth a Pendulum, which ſhall perform each vibrati - 
on in a certain time, as one ſecond, muſt be of a determinate length. 
Since all the obſcrvations made for this purpoſe are ſuppoſed to be 
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Fox e of a Pendulum 1 each. Yibran | 
don in a ſecond in the latitude of Paris. is 3 Pariſian 
feet 8x lines z and (ſect. 3. Prop. 14.) the ſpace through, 
which a body. would fall in a ſecond is to the half of 
this length in the le . N A 


circle to its diameter. 7 v5, 4 eat . 
| : 5 - + 4 565 \ 
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tions in the ſame time are proportional to, the forces of Gravity. 

| Meaſures of length may therefore be invariably determined by their 
relation zo that of a Pendulum performing each vibration in a fecond 
in ſome certain latitude. | From theſe may eaſily be obtained, not only = 
ſuperficial meaſures; but alſo thoſe of capacity, if a hollow cube, 
whoſe-\ſides are of à determinate: length; be aſſumed ax. the ſundard. 
| Meaſures alſy- of weight may in che ſame manner be regulated, by aG 
2 a ſtandard a folid'cube of ſome certain ſubſtance, Wight ir; 
Tui method of aſcenaining meaſures is not however - exempt. from 
| 1 4 In experiments to determine the length of a Pen- 
dulum vibrating through apy known portion of time employed by the 
earth in its rotation, we have to enquire,” ſays Mr. Nicholſon, ( rf. 
7 Whether: that rotation be theoretically uniform; and if not, what are 
| _ the quantities and periods. of irregularity, perceptible in ſuch an en- 
| periment? zy. What are the beſt methods and limits of error in 
. meaſuring the length of a Pendulum between its. centres of oſcillation 


| and fuſpenſion ? 3ly. Whether the errors from temperature cas be 
| | ET CE AC ARIES. 
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reciprocal duplicate ratio of the diftances from the center of 
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It has been ſhewn (ſect 2. prop. 1. cor.) that the 
moon is retained in her orbit by a force directed towards 
the earth ; and (prop. 4. cor.) that this force varies in 
the reciprocal duplicate ratio of the diſtances from the 
center of the earth; It may now be ſhewn, that this 
fore is the' foree of Gravity, and conſequently, that 


the force of Gravity varies in the reciprocal” duplicate 


ratio of thoſe diſtanues. A body near the ſurface of the 


what are their lingts? And above all; diy. What fire the elf. er 


the eſcapement part, or fimpleſt maintaining power in a clock; and 


what are the beſt means of-diminiſhing or removing them altogether ?” - 


Journal of Natural Philoſophy, 8 and the Arts, for An- 
ut 1797, p. 198. 


The French nation have lately depend nei Fe * 45 


Which they have choſen rather to derive from the meaſurement of a 


degree of the meridian at the mean latitude of forty five degrees, To 1 
the former method of regulating them by the Pendulum it was ob- | 
jeQed, tit. that the diviſion of the day into ſeeonds is in itfelf arbi» ® 
trary; and Hy. that the meaſures thence reſulting and geographical 


menlures would have no futual agreement, fince the league could not 
be at the ſame lime a multiple of the Pendulum in round numbers and 


an aliquot part of a degree. Mr. Nicholſon however obſerves, that 
* the chief, and indeed the fole, motive of preference muſt conſiſt m | 


the greater degree of accuracy, or more perfect agreement of the re- 
lults wrought out by different obſervers.” It is certain that the mea - 
ſurement of lines and angles upoon the earth admits of wonderful ace 


euracy. The feſult of a thigonometrical computation of a Tpace of 


'36574-3 feet, founded on an obſervation of the angles of ſeventeen 
ken was only about one 9 of its actual meaſurement. 
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_ earth, urged by the moons centripetal force ad | 

in the reciprocal duplicate ratio of the diſtances, would 

in a ſecond of time fall through the ſpace of 15 Pari-. + 
ſian feet 1 inch 1 line 4 (ſect. 2. prop. 5.) And, by the 
preceding lemma, a body, urged by the force of Gravity 
alſo near the ſurface, would fall through the ſpace of 15 
. Pariſian feet 1 inch 1 line 3. The reſults of theſe two 
computations are ſufficiently near to each other, allows +: 
ance being made for the unavoidable inaccuracy of 

ſome of the principles, to warrant us in maintaining, 
that the two forces in the ſame circumſtances: would 
produce effects exactly equal and fimilar, and muſt there- 
fore be conſidered as one and the ſame force. 0 


This argument derived from a confideration of the 
moons motion has been confirmed, as nearly a as circum- 


8 It ſeems probable,” ſays Mr. Nicholſon, 8 char here mer Heats 
ſome fortunate compenſation of errors in this wonderful coincidence ; 
dut the reſult appears to prove, that the method of terreſtrial admea- 
ſurement will give an original meaſure to be depended on for more than 
four places of figures, and leſs than five.” When ſurfaces and ſolids 
are to be derived from linear meaſutes, if there be any error in the 
original line, the error in the ſurface or area will be ſo much increaſed 
in each caſe, as to affect nearly the ſame figure of the reſult. The French 
have aſſumed as their fundamental unity the diſtance of the north pole 
from the equator, found by multiplying by 90 the magnitude of a de- 
gree at the mean latitude, For convenience hoyever they have adopt- 
ed alſo another unity, called a Metre. This meaſure, conſiſting of three 
feet eleven lines and forty four hundredth parts, was found after ſeven 
ſucceſſive decimal diviſions of the fundamental unity, of which it is 
therefore the ten An part. Journal of Natural ee | 
&c. ib. ; | 


eſt diſtance from. 75 ordinary 1 of the Roth” * 


which we have a ictefs.” Mefirs. Bouguer and De la I 

Condajnine, ho were ſent from France to South Ame- 
rica, in the year 19355 to meaſure 4 degtee of the merĩ· 
dian near the equator, found that, on the ſummit of the 
mountain Pichincha, at the height of 2434 toiſes above 
the leyel of the Tea, a Pendulum, performing 
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beating; in a ſeconds, N e 


level of the ſea. — 0 che lengths of Pendulums pet. 
formin rming their ae in equal times gre proportional 


to the forces of Gravity (ſect. 3. prop! 13.) tha force of 
Gravity alſo on the ſummit of Pichincha has 24 
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ws A ur ib AS St res. 
dein er reſults of obſervation. Iſt. There muſt be an error in 
the comparative meaſ urement of Pendulums i in different temperatures 
| becauſe the — of the x meaſure itſelf; are varicd. Hence the 
Pendulum in a colder” mper: W 
ee ee the diviſions of a contracted mes- 
Aly. The moving force of the Pendulum is not its whole. . 
Re dae. above the weight of an equal 
bulk of air. The lengths of the Pendulums therefore correſpanded . 
to forces. leſs than the real forces of Gravity; and the diminntion 
was unequal, the denſity, and conſequently the weight, of the. air be- 
ing leſs in the more elevated ſituation. | The effect of the former was 
e eee ee 
ly in the colder temperature, apparently longer than it really. wa that 
ol che latter was to render it really longer in compariſon with tlie other, 
than it would have been, if the vibrations had been 9 in a. 
Tacugy. eee 
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—_ of the earth, or 2434 toiles, i bo 9 55 


ed eee If cherefore the force ef Ot 
were diminiſhed in the reciprocal duplicate ratio of theſe 


diſtances, -its diminution at the ſunimit of Pichincha, or 


the correſpondent diminution of the length” of the Pet 


Adula, fhould b 6 part. The obſervations of hefe 


1 aſtronomers have — e diſcovered fo great a dimi- 
nution, but only that of 54 part. But it is not | dit- 


A 


ficult to account for the deficiency. A Pendulum vibrat- 
ing on the ſummit of this mountain is not preciſely” in 


the ſame circumſtances, as à Pendulum vibrating at ry 
height of 2434 toiſes above a level ſurface. It will be 


ſhe wn hereafter, that the attraction of a mountain is ſuf- 


ficiently- ſenſible; and the Pendulum is therefore mbre 


_ powerfully" attracted in the former than in the” latter 
"caſe. The obſervable diminution of the force of Gra- 


why "hp therefore be * leſs, thn, it would be accord. 
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Aga: A aa di diminution of Or- 


vity muſt be greater, as it contains a greater miſs vf matter, or in pro- 
portion to its denſity. it might therefore be of ſuch à denſity,” as to 
oounteract it altogether; and render the force of Gravity at its ſummit 
equal to the force at its baſe. - Meſſrs Bouguer and De Ia Condamine 


© have computed, from the actual diminution of Gravity, that the den- 
fty of this mountain, notwithſtanding the metallie ſubſtances which it 


contains, is aphapdrengs.. ch of the CE rod vl Ty bf the 
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ww 8 | ur alle o/c all the bodies 


J ſyſtem” gravitate towürds each other. 
of te primar planets rounc che fun, 
and of che ſatellites of ahy prii net round the pri 
mary, ale eee the fine” Kind "4s the revolutz- 


on of the moon round the earth ; and muſt. conſequently 
be. oonfdered a8 effects of Lmilar forces r and «though 
W x "Hot ſatellites, vet we” muſt _ 
VE 


which have. ſatellites. n the 3r4:law of moti- 


©» reaQion is-always oppoſed-toaftion.,. We may there 
fore infer, that the ſun 
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Tatellites, towards the fatellites which perfo orm their re- 


volutions round it, t. . Farther; that the ſame. kind, of .ac- 
dion takes. place Dae eee e eee 
. e en e Jupi- | 
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nomena of the tides, Theſe have been eum by Sir L. Newton (Phil. 

w Hin Math, lib, 3. pr. 24) to correſpond in general, partly 0 
: a force directed towards the fun, but in a much greater degree to ano- 2 
e The ſame force is alſo proved oved from 


- Ou, it 1 I * 1 , Fr orion + MF. 
reſpond to forces directed towards the two bod; iy r 


to a force directed towards the moon. Sir l indeed com- | 


aft an error in this computation (lib. 3 making 

: - Pr. it by one 
half leſs than the truth; bur'D'Alembert ar EMS 5 
babe given 3 eee 
| and the ſource of Sir 2. Newton toa's error bas been lately aſcertained in 
a review of the ſolu ons of this 
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fer and Saturn ne: „ 
ty planet are not only affeczed by forces directed towards 
their refpeAive primary planets, but alſo. by forces di- 
teced towards, the ſun, appears. from the ;jrnegularities 


Py 


of the kar, motions, which have, been ? proved ta cor- 
anſyand, 19, he operation .of wehe zen, Ie ſame 
Kn ph Num bac ; dogs oils baby noo od 16.40 
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1 eee with modero;obſefvaticns, this the mean o- 
8 9 wah is wn. W 
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Jag rw pentygoneer' been the fame peg — — 


a e eee, vlipſes" ef the , yoth century would 


bays bern more they o e- hem ler than rer nee end- 
to have been. This aceeleration was long ſuppoſed to indicate a 
want of permanence in the ſolar ſyſtem, fines the increaſe of the moons 
" motion ſeemed to prove that it was approaching vearer to the earth. 
Xt, lengih Mr. De Iu Place, remarking that the united ant dien of 
the Planet: would, 1 the 'prefent fitnation of their nodes, have the 
"elfedt « of Sminiſhing the excentricity 'of the earths orbit, computed the 
"variation of the mean diſturbing force of the ſun oceafioned by the 
. Yariation of the excentricit iy ; and found that this variation would pro- 
areme near to that which bad been obſerved, 

and that the acceleration was | limited to a eertain period, ſmec, on 
unt bf the Bs of oe ae. the elſe of the attractions of 


ets viſt be, after « very long period, an increaſe of the.excen- 


hg — * 
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| x 5 "kt is worthy of vematk, that the variation of the mogny mo- 


ton is much more apparent than the variation of the excentricity.” 
. Ee tk 0 
r | 
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6 New. 1 
ton ta the gxplandtion of he phenomena of comers, | 
et e eee dun in orhis of grear dn 5 


| he ao ran nr, Aro 
dies which 'compoſe it ca be perfectly qudeſbent. A 
body which is urged by any force towards another, muſt 
either in obedienes to that force move towands the other, = 
8 or by its combination with projets velocity deſcribe | 
eee und h. 3 e abe 
| Jute center ef the rs ef U ou; Thiz point ow 5 
ly of the line joining their centers is quieſcent, in which 
che oppoſite forces of the two bodies are balanced, It 
will nn, es d Lever, nn 
een ————— — 4 
they contain, Each body mut likewiſe be ednfidered 
as having a center of Gravity, round ieh the GUravi⸗ 
ties of its parts are in equilibrium; and the common 
center of Gravity of two bodies is found by the divifon 
of a line conceived to join their reſpeCtive centers of 
Gravity. Theſe two being conceived to be united in their 
common center of Gravity, the common center of three 
bodies may be found, py dividing the line concefved to 
join the common center of the two: with the center of 
the third, in the reciprocal ratio of the quantities of 
matter contained in the ſum of the two badips und in the 
. * 
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Schol. 3. The centripetal forces of the ſolar ſyſtem 
the ſurface of the earth, the firſt law, Which has been 


proved by experiment in regard to bodies falling near the 
ſurface of the earth, muſt be true of the planetary bo- 
dies in ſimilar circumſtances. The moving forces or 
weights of thoſe bodies which revolve round a common 
central body, muſt therefore be proportional to their 
quantities of matter; -when they are \conceived to be at 
weights of any two bodies, as of a primary planet and 


its ſarellite, towards a third muſt alſo, jat equal diſtances, 


be proportional to their quantities of matter. The ſame 
muſt likewiſe be true of the weights of the parts af any 
kr of the ſolar Fer towards pra other. b 


Ne 6-2 : 82 * 
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earth has been conſidered as if it were of the ſame in- 


tenſity in every part of that ſurface ; but it has been 
diſcovered, that in different regions of the earth the for- 


ces of Gravity are ſenſibly . Sens ee 


. eee nene Ho e: 
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hay 3. The . force of Gravity. is W IG ack, 

vue 5 ge HM: the _ tewards 
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„males eth 3. wrap: dts lake 

af Pendulums performing their vibrations in equal times 

are proportional to the forces of Gravity; and it has 


* ä that the N 2 Pendulum 
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Tie IC ee Ta . @ performing 


1 2 | 32 ; 
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0 Gravity: » 


performing each vibration in a ſecond, ub nal at de 
. the countries more 


Nees, ade bee e q eee oe e | 
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"This variation 3 5 „ 
which is derived from the. rotation of the earth; and 
partly by the form of the earth which is probably the 
effect of that force, but is at leaſt connected with it. The 
nature of this force muſt therefore now be e explained. 


N Meni 


* — evolving round 3 | center : muſt, by, hs. 
firſ law of motion, be influenced by a continual tenden- 

cy. to move forward uniformly. in the direction of a tan» 
| gent to the curye which i it deſcribes; and conſequently, 
ſince every point of the tangent, except the contact, * 
exterior to the curve, to recede to a greater diſtance fr ron 
the center of its motion. This tendency to recede from 


the center is called a centrifugal force. Since all the 


parts of the earth, except thoſe which are in the axi 


deſcribe circles in the diurnal rotation, they m ut 4 
ha ſych a * de 660 r e we | 


| 8 e TOO of ls rn 


1 are. in the ratio compounded 


of the" duplicate - ratia of the velocities directiy, * 
ſimple ratio oof the radii reciprocally. 1 


For the ſame fprten ad D; ad (plate 2. ſig. Sad ge 
the repeAinely W ED 8 , e 
W dT > | phe? en 
e Pendulum is hoe, f e equator thn n Pars by 1265 
— "La Vigire de la Terre. les. : 
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offs of the centriperl ore in 4, a, do for he Game 


Ke Give pakens) and theſe ſpaces have es proved 
(ſect. 3. prop. 3. we. to be. in the — 
e ee eg , of Wa . 


e 1 he retains bs pred u mt th 
Ms Se eee 

Fe eee e eee, tho 
velocities uniform, the velocities muſt be proportional to 
the ſpaces deſcribed (page 18), or the peripheries, and 
conſequently (Theor: fel. ex Arch. prop. 5. Tacg. Fuel) 
to the radii, Since therefore, by the propoſition, the 


centrifugal frees arg in te ratio of A . to be 


page 4%), the ratio of Rs to ra being ſubſtituted for the 


in ratio 
the of Fw 
bau inthe rio of R to ec 


Prop. 2 * pings? fri eee 
ear age ferce at any parallel, the earth being peel te 


tude. 


- In ho Gurnil rotation of the earth all the pirty-pere 


form their revolutions. round the axis in the fame time, 
namely twenty four hours, Therefore, by the 

of rn propoſition, their contilugel forces are 
 Froporvonal 


N , . 


cqual ratio M e K be 


-> Lacan Ld 


be 4 ſphere, re 
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1 


1 proportional to che wy of che cixcles EP 
ſeribe. e (plate 4. fig. 1 ) the centrifugal 
| ito * Ru to the centrifugal force at any 

EL js the fe 


to. OL, or as L to OL. But, nee 

PL, is the qoniplement of latitude, 
and its fine, OL is che co ine of Jatitydey, he radiug of 
Rn conbdered dy ru, to ng zelle v7 


a. 
-1 = 5 
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being ſuppoſed to be a. ſdbere, in dle ratio of radjue, 10 db. 
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and on the radius of the earth CL produced let fall the per- 


pendicular MN. The force LM is hereby reſolved into 

two others repreſented by LN, NM, by the 4th cor. of the 

aud lam of motion. Of. theſe NAM. being perpendicular | 

tothe direction of Gravity, which tends towards the cen- 

ter C, produces no effect in regard to that force; and LN. 

which tends direQly from the center, is therefore that 

part of LM the centrifugal force | at L, which counter- 

ats Gravity. But, on account of che ſimilarity of the 

1 triangles LN, CLO, LM-: LN : aha 
i, ws radfas to die es- Ane of Initude: " n 
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upp equatyr che whole of the centtifugal forct 
bs: oppoſed to Gravity, becauſe it” tends direftly | from 
the center öf the earth. Since -therefors (prop. 2 J thi . 


 centrifiigal force at the thyiltor'is to to the whole 
gal force at any parallel, as fadius tothe co- ne of la- 
titude; and the whole | evritrifugal forbe at che Parallel is 
to that part of it” which operates ag; 
ſame ratio (prop. 3. ) z the effect of the centrifugal force 
in diminiſhing Gravity at te equator, mbſt be cö ftr ef- 
bebt at che parallel, in the rate cbmpounbet of thefe 


two ratios; or in "the duplicate ratio of, "rillids to herd o. | 
fine of latitude, _ I Y 


Scholium. From theſe - esd pe nch 5 that 
in all Parts ef the” ſurface” of "the " earth, elt the 


- 


poles, u force is exerted, which"is in 4 greater or leſs 
211i bose; ys: >} vil * 6.1 \ 32508 6 24 . 3 1 1a degree | 
2205 "248 109 45 Þ 3643 1 ga N. wi. * J wel : 4368+ N 10 (G37 1 

derte quantity: of this extrifazall Torte vwuld be inticated; if the 


velocity of rotation were increafed (prop. x.); and if /the#:gecelerath- | 
| vn were lo great. that che time of the earchs rotation ſuguld be only 
1 hour 24,1 minutes 27 ſeconds, 5 —.＋ at dhe pr FUN 
olly loſe their Gray * 0 c a 
Wee . e SW ER 
ro prove this it ſhould e en Yoar wil erst. 
circle if it be projected with a velocity equal to that. which. it. would 


acquire in falling down the half of the radius with the centripetal 
force continued conſtant (ſee note in page 48). There is therefore a 


certain acceleration Which would produce the effec. But in this caſe 
the archi deſcribed in a ſocdiid, being confdesed as cointiditly with its 


chord, is a mean proportional between the ſpace through which 'Gra- 

vity cauſes a body to deſcend in the ſame time, or the verſed fine of the 
vS. and the diameter of the orbit of of en Since then that 

F ſpace 


ab enn. enn 


as. its oppoſition: becomes: more and more oblique in re- 
ceding towards the: pote: (prop. 3). On account of - theſe 


two" reaſons. combined togecher, it is found (prop, 4) 


that the force which is exerted in diminution of Gravity 


at the: equator, is to the force at an parallel, in the due 


Pheate ratio of that of radius to the co-· ne ok latitude, 


The force of Gravity muſt therefore ho mot diminiſbad 
at the equater, and gradually lefs diminiſhed: in-voeding | 
towards the pole; that is, it muſt be leaſt wana gar 
e nin eee WO 


At 


"7 . N. 15 pros : " 
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force. of F in different parts « of the ſurface of the 
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alſo known, the arch which ſhould be deſcribed in a ſecond, is found. = 


to be nearly 5 miles. But with Guch a velocity.the whole periphery. 
of the equator would be deſcribe& in 1 hour 24 minutes 27 ſeconds 
With a greater ge ere ee bee would __ 
cxceatric orbit. | rr Tx 
— — eee a 
yet it muſt inevitably hinder 2 falling body from really deſcendipg in 
a ſtraight line, fince ſuch a body is in fa projected with the velocity 
of the ſurface. A body never really deſcends in a fright line, except- | 
when it has dern rait e with, 28 wal Velggity in 
rection. 


un the account of the W « Makes one nt bo. 
la Condamine, it is remarked that the centrifugal force is of itſelf in 


adequate 40 the diminution of Gravity 8 "The quantity | 
of the centrifugal force at the equator was found to be ese. 


by 


a 


2 

F 

< 
" 
{ 

12 


8 * Erneut of "Natural Philoſophy. 


earth, beſides the direct operation of the centrifugal farce | 
er been conſidered. The earth has hitherto been 
regarded as a perfect ſphere, but it is certain that its ſur- 
face is at the equator more diſtant from the center than 
at che poles. This has been afcertained by obſerving, 


chat a degree of a meridian at the equator correſponds 


— 


to a ſmaller meaſured ſpace on the ſurface, than a de+ 
gree in countries near the pole. The meridian is there 
fore not à eirele; and ſince a degree is of leſs magni · 
greater curvature, as being ſimilar to the curvature of a 
e eee The 2 is rede een ah 


#45; * * Nn 26.7 2 Sod! 
8 ane of e e the 


rotation of the earth (fee prog. x). As this force is exerted in pp- 
poſition to Gravity, this ſpace ſhould be added to the ſpace determin- 


ed by the Pendulum for the motion produced by Gravity in a ſecond 
| (lemma to law 2); fince, if not eounteracted in part by the centri- 


fugal force, Gravity would in the ſame time' cauſe a body to deſcend 
through ſo much à longer ſpace, by the and property of motions pro- 


| duced by conſtant forces. Therefore (ſect. 3. prop. 13.) the length 


of the Pendulum at the equator ſhould be increaſed in the ſame ratio,. 


and the difference would be 1-13 line. From this was called, 


(prop. 4) the correſponding augmentation of the Pendulum at the 
VO OA Ge EN, to the correction of Gravity, 


and this was found to be of a line, The dimioution of the = 
// ay ame rin 6, em ang tence. 


(FUG, he Winner Bb WOES. 
of a Une.” But the obſerved Uifference is 1-2 = line. "The centri- 
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eee W eee ee 
— ford muſt have been the effect of its rotati- 
on; ſince the centrifugal force, by cauſing a variation in 
the force of Gravity at equal diſtances from the center, 
. would diſturb the equilibrium of the parts of the earth, 
and thoſe parts, which were leſs powerfully preſſed by 
2 r — 
different parts of the earth ſhould be reftored to equili- 


yation at the equator muſt have been ; given 10 i m_— 


\ 


— — ——— 
equator .contained 566753 toiſes, whereas a degree meaſured in France 
. contained $7074, and a degree at the Polar circle 57422. From theſe 
obſervations they compute that the diameter of the equator is to the 
axis of the earth as 179 to 178. 1. Figure de la Terre. feet. 6. Sir 
1. Newton had, on the ſuppoſition that the earth was of 'in/uniform 
denſity, computed that the diameter of the equator i to cha axis of 
the earth only as 230 to. 229. Phil. Nat. Princ, Math. lib. 3. prop. 
19. ware eee that the deny of the earth pen 
U OI e AGE II 

© Sir L. Newton has endeavoured (Phil. Nat! Prise Mak ub's: "Di 
ee the ratio, in which the force-varies in diſſerent parte 
of the ſurface; but his ſolution reſts on two tic 
which can ſafely be adopted. The one is that the y of the carth 
is unifqrm; the other, that the meridian is an cllipſe. The law which | 
he bas aſſigned for the in of Gravity within the ſurface (ibid. 
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-ptop. 50 'namely the imple ratio of the WY: from ide center. 
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8 from the center is an additional cauſe of the 
variation of 'Gravity at che ſurface. f body pbared at 
the oquator is added by the fame . maſs of matter, 
which wonkd attract it at the pole; bat it is idently in 
a F :atranggrots «fot eaadanring ve He 
en is diminimed en account of its inereaſei diſtance, 
but not ſo much dimimiſned as öWwmun 
phaced at the fame clevation above 3 


rr 6 
rerns Gravity regarded as a force not merety tending to- 
Wards the earth, but alſo towards each of the bodies 
which compoſe the ſolar fyſtem. Though the forces di- 
reſded towards theſe. bodies are of the ſame kind, yet 
Wey differ in intenßity; . — 
Au to bt dem in this refpeet. 0 
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the ſyſtem attrats all he. others, and bag each of theſe 
n forces vari catio of 


accelerating attractions of all the bodies , Fu D, to- 
wards A would at equal diſtances be equal; and in the 
like manner the-accelerating atitaftions.of ,.f, C, P, to- 
-wards N would alſo at equal diſtances be equal. Mh., 
ever ratio therefore the acenlerating; force af any one of 
dhe ſormer towürde 4 has 40 the accelerating force of 
any one of che latter towards B at an equal diſtance, the 
fame'ss the ratio of che intenſities of the attracting for · 
_ ces of the bodies {4 and B. But is one of the for- 
mer, and 1 is one ef he latter z and, ſince the recĩ- 
procal actions of theſe bodies are equal, by the grdlaw 
of motion, the moving force or weight by which Z is 
impelled towards 4 is equal to the moving force by 
which A is impelled towards B. Since thereforr this 
equal ratio is, by the ſchokum to the 35 law of "notion, 
compounded of the ratios of the velocities or accelerat- - 
ing forces and of the quantities of n He. ratios - 5” 
1 — the ac 
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of matter in B., and the former ert wy 
ſhewn to be the ratio an 
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e of 5 leyeral parts of 4 towards B; are propor- 
- tional to their; of matter, and reaction is equal | 
to action (3 how f seas e eee 
 wards-the {ſeveral parts of 4 md be 
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their quantities of matter. 'What therefore had been 
before proved We m. — begegne 
rr l. | 2 


© This ed Sarde epi 
ſn Though the maſs of matter contained in 
any mountain is very inconfiderable when compared to 
the whole earth, yet che opportunity of bringing a body 
near to its center compenſates in ſome degree this inferi- 
ority, and renders its attraction ſenſible.” The French 


Academicians accordingly "obſerved that by the” at- 


traction of "the mountain Chimboraco a plummet was 


drawn * * 77 dren agg a and a ſi- 
8 N Tis hs milar 


1 eee, e e eee, 1 1 is 
. the denſity of the moun- 


tain. In this opinion they were confirmed by its volcanic appearance, 


which rendered it probable that much of it was hollow. The experi- 
ment was made by obſerving the meridian altitudes of the ſun or of ſtars | 


in two places ſituate eaſt and welt, one near the center of the mountain, 
tue other at ſuch a diſtunte that the attraction muſt be inſenſible. From 


m were howerer of opiion, that — or 

4 alt 
2 part hol ve made tothe obſerved deriton of 7; " becauſe, on 

e two e from, the. camper of / 
the mountain, they concluded that even at the more diſtant ſtation an 

attraction was exerted, and conſequently the obſeryed effect of the 
| arttaion was only the diffetence of the two efſedts, and to give the 

hole ſhould -be-auginented by che adgition of the leſſer. The at- 
traction at the nearer ſtation mmm 


1 Figure de la Terre. rg wa i ate; ib 7 


%; 9615 


——— — 


ee ps 5 33” i. ene a * 1 0 AT? Bi an 13 | ink: 5 
; g . OP Oe 2 H Hi | Fin 


K 5 / 8 9 


The TB of pax which is th Ca e each | 


| the whole ſolar ſyſtem, is, as Dr. Herſchell con- 


ceives, diſfuſed throughout the whole univerſe. To 
prove that all the ſtars are ſubject to its influence, he 
firſt enumerates the conſequences which would. probably 


follow from their mutual gravitation, and then compares 
5 . eee e ene. 


eee ai Ade A ner | 
zenith-diſtances of different ſtars near the zenith from two ftations, 
of which the one was. on the ſouth, the, other on the north fide of 
the mountain. The apparent zenith-diſtances ere affected in oppo- 
fite ways, thofe being increaſed at the one ſtation which were dimi- 
niſhed at the other; and the correſpondent. deviations of the plum- 
met were the eſſectꝭ of the ſum of the two attractions. 9 
 thereſore, which was 5", 33", | indicated the attractive of the 
mountain. If its denfity had been-equal to the mean "of the 
| earth, the-effe@t of the attraQion ſhould have been dbour/double'of 

this quantity. Since then the mountain does not appgar to have ever 
been volcanic, and ſeems to be compoſed of an intire rock, it may 
he concluded that the mean denfity of the earth is at leaſt double of 


that at the ſurface, and conſequently, that the denfity of the internal | 


parts of the earth is conſiderably greater. This concluſion, Mr. Maſ- 
kelyne obſerves, is totally contrary to the hypotheſis of ſome naturaliſts,” 


ho. ſuppoſe the earth to be only a great hollow ſhell of matter; 


ſupporting itſelf from the property of an-arch, with am e, war. | 
cuity in the midſt of it.” | Phil, Trans. vol, 6g. parts. 2. Apes 
In a very accurate computation founded on theſe obſervations by 
Mr. Hutton, it was determined that the mean denfity of the earth is 
to that of the mountain almoſt as pool Phil. R 
al. Frans. vol. 75. part 1 „ 
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— 1is them fuppole;” ſays. he, 


<< numbericſs ftars of various, fizes ſcattered over an in- 


definite portion of ſpace in ſuch a manner as to be almaſt 


Nene l e the whole. 


gun a hen $47 Nm eee 
. whrnd Deriinniden the | 
remoteſt region of the fixed ſtara, will operate in ſuch > 


... mw 
Kuable effects nopnng F 
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1. Since eee eee. de of varivus 
ſizes, it will frequently happen that a ſtar, ng conſi- 
them more than they will be attracted by ors the es | 
immediately. around them; by which means they will 
be in time, as it were, condenſed about a center; 


or in other words, form themſelves into a cluſter of ſtars 


of almoſt à globular figure, more or leſs regularly fo, | 
necoding en the e and original diſtance of the fr 
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frequeniy"as'the former, in where u fow ftars, though 
not ſuperior in fize to the reft, may chance to be rather 
nearer, each. other than the ſurrounding ones z for here 
alſo will be formed a, prevailing attraction in the com- 
bined center-of Gravity of them all, which will occaſion 
the neighbouring ſtars to draw together; not indeed fo 


* 
. 


as to form 2 regular or globular figure, but however in 


ſuch a manner as to be condenſed towards the common 


center of Gravity of the whole irregular cluſter. . And 


this 


wa eee e of. 
. Wann 
according to abe uns dresden GW ſtars Wien 
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es; forthey will ulſ thaw the fur 
producefigures'of condenſed ſtars coarfely Emflar to * 
n enen 10 cheſe ConengtOt. 
CCT ²˙ AAA afra 
. wem mee ada pf Rell more er ir 
binations;” when, at the ſame time that 4 Cluſter uf ſtirs 
i bormigg in one part of 'Tpuce; chere may be another | 
collecting in «different; but perkiips not far diſtant quiar- 
ter, which may ocuHZ9ꝛdt; Weng een MT OO 
common benter of Grav tg. 
10 ck 444 e et bra worn 10 60435 4114 4 ne 
. As a tiatural conifequience of the a” 
will be formed great cayifies or macancics by the Tetreat bf © 


dite ars towards the "yatious” centers” whith attract 
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| the preſeryation-of the: whole; though it ſiowld-aatwys 
peur to us in What manner chis is effected. But I Mall 
feſtly tend to a general preſervation; as, in the firſt place, 

e indefinite extent of. the fidergal heavens;; which muſt 
produce à balance that will eſfectually ſecure all jthe 
great parts of the whole fromiapproaching to each other. | 
There remains then only to, ſeę how the particular ſtars 
belonging to ſeparate, cluſters lb he preſerved fromi 
 Faſhing on to their centers of attraftiqn,... And here 
| muſt obſerve, that though I have before, by way of gen- 
dering the caſe more ſimple, conſidered the ſtars as be- 
ing originally at reſt, I intended. not to exclude projec- 
tile forces; and the admiſſion of them will prove fuch a 
barrier againſt the ſeeming deſtructiye power of attrac 
tion, as to. ſecure from it all the ſtars belonging to 2 
cluſter, if not for ever, at leaſt for millions of ages. 
Beſides,” we ought perhaps to look upon ſuch. cluſters, 
and the deſtruction of now and then a ſtar, in ſome thou- 
fangs of ages, as perhaps the very means. by.which the 
Whole is . preſerved, and renewed. + Theſe. cluſters may 
be the Laboratories of the uniyerſe; if I may ſo expreſs 
myſelf, wherein the moſt ſalutary nn 
of the whole are prepared,” | FO EY. WES! 
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From this . of the heayens Dr., Her- 
ſchell (proceeds · to deſcribe, the appearances, -which they 
actually exhibit. 4 I ſhall now. endeayour 'toſhew;? ſays 
he, « that the:theoretical view of the ſyſtem, of the uni- 
ls, agg eat in.the;forggoing- part. af 
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4. in which he has inferred from the ſpherical form which 
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. ant hed by Nan bſervati- 
ons. It will appear, that many hundreds of .nebulz of 
the firſt and ſecond forms are actually to be ſeen in the 
— heavens. Many of the third form will be deſcribed, 1 
and inſtances of the fourth related. A few of the cavi- 
ties mentioned in the fifth will be particulariſed, though 
many more have already been obſerved; ſo that, upon 
the whole, iam it will be found, that the forego- 


ces, as ſeen by a an eye incloſed in one of the nebuls, is 

no other than a drawing from naturg, wherein the fea 
tures of the original have been cloſely copied; and I 

| hope the reſemblance will not be called a bad one, when 

it ſhall be conſidered how very limited muſt be the pen- | 
cil.of an_inhabitane of ſo ſmall. and. retired » potion of 


an indefinite ſyſtem in 
bounded: an extent.“ | 
t ut dns: e Sd 2 rat * 1 Mn 
— as, further confdered in 
a Memoir contained in the Phil. Trans. vel 9, pant No 


in attempting the picture of ſo un- 
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the nebulæ or eluſters generally affect, that they muſt be 
formed by attraction in the fame manner in which that 
cauſe. gives the ſame form to he bodies of the planetary 
ſyſtem. and has confirmed this inference by r 
Shani 4 
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preceding chapter, aro- capable of very. accurate deter- 
minatian, becauſe they are produced by a force which 
A between the great maſſes of the univerſe, and is ex- 
tendedtizoughalldiſtunces, Theis operations do indeed 
the- utmoſt! powers · of. our underſtandings; and acquire a 


re ity om th romotenoſs-oftheir-objeCts but 


tion. Dad eee inveſtigated, 
are of a very diffggent kind. The phznomena which 
immediately ſurround us, the compoſitions and decom- 


poſitions of all ſubſtances animate and inanimate, and 


yu 2 * 2 their form 
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complicated\inquirys)i The full profeoution-of chin in- 
quiry is the: object of: Chemiſtry, as ĩt has been defined by 
2 —_ r — 


elementary wvewof che phanomens of nature it will be 


4uffieient” to; dbſcribe ſuch obvious effects, ab prove 
— eee Parts of bodies f and 
—— itc:s ; 4935 „nrg ws 30 ret ads 
n 16:204%.5.20; Ad} elle * baννν,oad lr 
That the minute particles vf matter when placetl ut 
ſmall diſtances are attracted towards each other, ãs ei- 
| berweem he parts- of folid bodies. appears, 1 fromithe 
_ neceſfity.of exertiug a foren or ſcparating the parts of 
nn the es from the e ton 


each of two nba, a preſſing che ſarfaves'tos. 
gether ; in which cafe, wich a ſurface: of contact not en. 


eesding e ewentivtls- part of u ſquare inch; it will - 


W e e e 100 lbs. to ſeparate them.” 
— inferred. from. de pberical form, which, their 
drops affect. A ſphere is that form, which contains the 
greateſt quantity within a determinate ſurface ¶ Theor. 
8 prop. 4 cor. 4.) ; and thoſe en 
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of ſolid and of fluid bodies is evinced by various phaino- 
mena. fl. The adheſion of fluid to ſolid bodies proves 
chat che former are attracted towards the latter: 21) if 
water be contained in a wide veſſel not full, it will riſe 
at the ſides of the veſſel: 3 if two glaſs plancy be im- 
merſed in water in a vertical; poſition and at a very ſmall 
the level of the external water; and 4% the ſame effect 
will be — if a capillary tube, or a tube of a ve- 
tube being open. 1106 aha sii Hach 
wy telt ta! Mag) ier tou þ{ + 5-7 
| \ Inregard ihe ha rr proced- 
their inertneſs; ſince, the inertneſs of a part being leſs 
chan that of the whole, leſs force would be requiſite for 
ſeparating a part from the remainder than for removing 
the whole body from its place: and that the others cannot 
be the effects of the, preſſure of the atmoſphere, ſince 
ene Wer PORE ere e VACUO. 
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" In the een the akin ch agility tubes 
the'equillibiium of the fluid will preſerve it at the ſame 
t De n et 36:13 e eee e eee 
bes indeed bes invittiincd; that tie Gdespeben ef rater in 
very lender capillary tubes is aſſiſted by the comparative rarity of the 
air included within the tube. The water ſituate immediately be- 
pneath the orifice, if leſs preſſed by the incumbent air, muſt aſcend to 
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16's"tapillary tube coniift ot tes parti, Chofe diameters are dif- „ 


Ss nary whole tube were of the Tmaller aher, 
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ernal water poſſeſſes, whaterey may: been depth EAR 
to which dhe Planes or tubes: a te immer 1 
tion bore this level i: dee ef the undder 10 | 
parts of the.glaſs, nsch are, Gtuste | 


the ſurface. of the. w vater ; and. conſequently. N . , 
parts as the water: continues-to,aſcend./.. The water muſk | oY 
continue to aſcend until the weight of the elevated por „ 
tion is equal to the force. of the attraction of the glaſk,. 
No other. parts of the glaſs. than thoſe. which hae 
been mentioned, ein gorgribute.to- the; elevation; Cs 
water. It is obvic t thoſe parts which, axe. on che 
lame level as the, mater, cannot afbft, in, eleyating e 


ter, which they exert. in raiſing dhe jnfexign, 
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the lation ofthe water unte tae, and te ame peſo. 2 

be applicable to the planes, is the ſole effect of the attraction : 
nm "Parts at tie ef GARE" That this hbwever is not the cauſe 
ot the pliznbrictibn' 4ppeats” from un erperimer mentioned in Row- 
'ing's Contpendious Syſtens of Natural Philofopliy; vel. 1. p. 158. 


Terenit, the elevation'of che vater When che def part ls musterte. 
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wet it the uwe msd. 15. dee of l. ue, pai Ro 
PE in AY the upper pe of the tube. [us 
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equal if both tubes, they muſt 
1 Kameters of che inge (Theor: fel! er Arch. da 
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Gastern of the EptihdiRtal r ef ied 


Rand partly by n confilenttivn'-of the thetenfel"eribre 


of the attriiQive power inthe narrower! tubes.” ©” 
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Phe WINE fefces f ditetent tis; Being de 


forecs of thoſe ugs of glaſs inch are ſituate immetli- 


Stely above the elevated water; muſt be proportionil co 
mne maznltüdes of role rings; and confequently;" nee 


the'breadths 6f the attrating rings are determined by che 
diſtanee at whith' the Force operates, and are "therefore 


6. ber, 20 or of che tees." The cylinders of elevut- 
5 water miſt accordingly be proportional to che Ga- 
meters of che tubes, a8 being Proportional to the forces 
by which chey are elevated But, chat che comente of 
two cylinders ſhould be in He ratio of their Hauteters, 
* it is neceſſary that the altitudes ſhould be reciprocally 


=” the/Aidtneters, | The water mit therefore zleend to 
6 7 tbe, ©1100» 100 


"or obfervel,” that tlie water 

+ it has been water aftends 1 
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42. Any tuo cylinders are, in. the ratio, 'of the direc ke 
ple gatio of .tbeir, aljitudes,, and, at the. direct duplicate. ratio, of their 


diameters, (Eucl, pock x4, prop. 15. {chol. x.): but, in order chat this 


ampgpnd..ratiq ſhould be equivalent to the ſimple. ratio f their, dia- 
etch dt de Meggen that, the Gmple. ratio of their altitudes ſhould 


reduge dhe duplicate ratio of their diameters to a ſimple ratio; chat is, 
Astit ſhould copnterbalance one of the two fimple ratios which, form 


Ahe duplicate, or that the ratio of the altitudes could be the .xeci- 


procal ratio gf the diameters... 18 2641 ty WA 1HE +} irs TIOII7 2: 2 
4 Four Introductory Lecures in Natural Philoſophy. p. 41. 
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be parallel / io. he horizon eee een 
 niviſtened withoawy-thin oil, let a; dropf of the ſame.gil 
be introduced, fo that it. may: touch, both ꝙlanes. ]: The 
directions ofi the attractive farces; of the planes i being 
perpendicular to them, will form, an angle on he de 
towards their eongaurſe, and therefore, bythe, 10. c- 


ing chis when the ap > n different, diftances, wheat 
tractions enerted upon: the drop at choſe diſtances may 
be compared together. , For che drop mult be copfidpred. = 
a0 a body ſupported on an inclined plane, and, fines it 


» Tuts hut be u conſequence of the'"equality of the atitiifting 
borees of the ſeveral paints of he phases, For the [points perpendl- 
rulatly-oppoſed to the drop will draw it perpendicularly ; yndg on u- 

ebm of the! equality” of che mtracting-- forces, thoſe 6f. che- pn 

 -6qually diſtant from each of theſe on oppoftte fides will be eh 
exerted upon the drop, and, by the'x ſt corollary of the and la of:mo- 
0 a intermediate force in a perpendicular ditedtion. Sly 
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portiona/to/ the perpendivilar heights of ds concourſe 


ze its different "elevations, "The! race of theſds beige 
alſd che ratio of the att νjẽͤua exerted = 
upon the drop at ru ſeveral diſtanoes front the doncourſe; 
and thid ratio is found by erperiment is be the-revipro- 
eal:dupticats ratio of thoſe diſtances. This ratio muſt 
however be redvecd'to the reciprocal ſimple rado- of the | 
diſtances, beeauſe tie augmentation» of force in the 
other reciprocal fimple gatio ĩs oecaſioned by® the ſpread- 
mme pains panty 
SHO $172.45, iſh o& 91; 
me 0 S wks hve — 
they Have been ſuppoſediito have an-affnity:1o- the cent 
e Are erben Eee eee 
——— anochevioouſe of the bre. 
. The: drop may be-confidered as nearty. cylindrical. becauſe the 
. it: is; terminated, are nearly, paralleh , Since there- | 
fore. cylinders: of: the: ſame: magnitude have their baſes. reciprocally 
proportional to cheir altitudesy (Eucl. bes 12. props. 16.) the porti- 
anf the planes, which ave: af the differcns diſtances from the. con- 
courſe contiguous: io the drop. muſt be recigroaally. proportional to 
the innere of: the planes. a en eee 
* e . : | 
| i 
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of. e Sons cameo. cont 
an alternate cxpauGap and contraction of the veſſels, the = 
Aude themſelves acquire new propentica. . lf plants.” 

n M Cheb x were, to perform mg, other. act 

than. that of pumping the nutritive, princi con 
tain out of the earth; if chey td mie polſeſs the Conity | 
of digeſting, aſſimilating them, and forming different 
 produQta,.. according to their nature, and the diverſny of 
| their. otgans.5 it would, follows. 26 N 
PE rin 
 enalyig evhijbits. to us in veg! n h. 

in eee b t . 3 ſpeaking of the im- 
| perfect ſuocels. of chemiſts, iv the, application, of their 
Fence to medicine, he 4 obſerycs that * all have miſtaken 
or overlogked that principle of life, which inceſſantly 
adds upon the ſolids and fluids ;. modifies, without ceaſing, 
nen n W on the conftiration inſelt; and 
preſents to us phenomena, which chemiſtry never could 
. to the ny 
; r en ny any” 1 | 
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1 Mfr, Nicholſon in bin e e See (at Aude) 
| remarks, that * the philoſophers at the beginning of the preſent cen · 
ferent, becauſe the laws of their a gion differ from cagh other ; but the 
moderns appear diſpoſed to generalize this ſubjeQ, and to coplider al} 
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Uu is ech iuense e Gem: qui_natigh 
by which/it endeavours t6-deſrend” Bur geh. 1 RU A 


prop. F.) the force of deſcent iv im each in ws the | 
whole weight as the height of the pane to in. length; 


and therefore; the weight of the drop and che lengths of 


he ptane being · unvaried; the forces/of deſuont are 
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26 its different elevations. ' The! ratio of theſd heights 
eonſequently is alſo che ratio of the" attwraftions' exerted 
upon the drop at the ſeveral diſtances from the doncourſe; = 
However be reduced to the reciprocal fimple ratio of the 
diſtances, beeauſe the augmentation of force in the 
other reciprocal fimple ratiois occaſioned by® the ſpread- 


ing of the drop, which brings it eras ane 


eee mee e. Fu 
Ad 105 t 1/4115 13th oc+ 
——— of * tubes have 2. 
mined by philbſophero with much attention; beeauſe 
they have been fuppoſedi to hawe an aſſinity-10- the-aſvent 
of the ſip through the tems of plants, and to the operas 
tion of the glands in the bodies of animals. "But, be- 
fides that — another oauf of the fa 


n drop may he conſidered FIGS cylindrical. becauſe the 
ry it; is; terminated, are nearly, parallel Since there- 
fore- cylders: of: the ſame- magnitude; have their baſes. reciprocally 
proportional to their altitudes, (Fuel. beck 1. prop». 354), the porti- 
t the planes which ave: at the different diſtances from the con- 
courſe contiguous: to the drop, muſt be reciproeally.proportional to 


| the ingeevold; of: the lane a1 . 
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of this trough te rey of ognizedboic, name 
an alternate expapGap and onn 

Avia themſelves acquire mew properties. , « If plants.” | 
fays.* M.. Chaptal, | ns Me? perform: mg het; act 


tain out of the earth; if they did noe palſeſs the r | 
of digeſting, aſmilating them, and forming different 
pode, according to. their nature, and the diveriry of 
their, rganss it would. follow. as. conſequence, that 
RR les which 
_ analyſis exhibits. to us in ve 5 
is contradicted by the facts. Aud, peaking of the im- 
perfect ſuocels. of chemiſts, in the, application, of their 
Frience to medicine, he + obſeryes chat (t all have miſtaken 
or overlooked that principle of life, which inceſſantly 
acts upon the ſolids and fluids ; modifies, without ceaſing, 
the impreſſion of cxecrnal object; impedes the dege- 
nerations which depend on the confiirgtion irſelf; and 
preſents to us phenomena, which chemiſtry never could 
eee bx, anrading to.the l 
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1 — im bin Dhfjammry of, Chemitry (4rd. AnuaAinn) 
_ remarks, that © : the philafoghers at, the beginning of. the reſent cea- 
tury were diſpoſed to onνer the ſeveral attractions. as effentially dit- 
ferent, becauſe the laws of their aQion differ from cagh other ; but the 
moderns appear diſpoſed to generalize this ſubjeQ, aud to conſider al} 
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dete 'berween'the unte tries of bodies 1d awiata 
into two kinds: 1. the attraction er deer de u 


more fubſtances of diſteret ntüres in 4 tate of combi 
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accotditigly teckotied three different ſtates 6f Aggregat 
on; folidity, Nuidity, and'vapout. Selle s kat fate; 


in which the Integratt parts are” united” by à Cofiliderz- 


"= fot and cannot be ſepatated without ſome 'ex&fti. 
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permanent, as depending upon one and the ſame cauſe, whatever it 


may be, which regulates at once, the ,mations of the, immenſe bodies = 


which * through the celeſtial ſpaces, and thoſe mingte 1 — 


1 


which ate transferred from one combination jo anoth A. 
tions of chemiſtry. The earlier philofophebe obſerved, for 
that the attraction of gravitation acts upon bodies with a we ngn 
is inverſely as the ſquares of the diſtances; and from mathematical de- 
ductiqp they have inferred, that the law of attraQtion between. the 
icles themſelves follows the ſame ratio: but, when their obſerva» 
tions were applied to bodies very near each other, or in contact, an 
adheſion took place, which is found to be much greater than coyld be 
deduced from that law applied , to the centres of gravity. Hence they 


concluded, that the coheſive attraction isgovernedby a much higher ratio, 


and probably that of the eubes of 'the'diffanees. The moderns, on the 
contrary, among whom are Bergmann, De Moreau, and others, have 


remarked that theſe deductiom are too general, becauſe for the moſt | 
part drawn from the'confideration of ſpherical bodies, Which admit 


of no contact but ſuch as js indefinitely fniall, and erert the Carne 


powers on each other, whichever fide may be obverted.” They re- 
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er and, inſtead of W they repel 
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*\'The'-attraQtion"of/aggiegation is diminiſhed by any 

cauſe; which inereaſes the diſtances between the inte 
grant parts. It is in this manner diminiſhed by tlie m. 
chanical operations of pounding, or cutting. Heat, which 
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e ede that th conſequence depending 0 the fam. of u. 


in bodies not ſpherical, and at minute diſtances from each 


other, yill vat follow we inverted ratio of the ſquare of. the diſtance | 


taken from any point aſſumed as the ountre of nie, admitting the 

parti des to be governed by A. zat 'that it will greatly difter, 
as 1. 

according to the fides of the wg, which are peſerited to cart other, 


and their. reſpective diſtances ; inſomuch that! the atrrations of G 


tain particles indefinitely near. each other will he Wikies > 
- eg of. the mourn? ating WO FO INT 


may 8 nearly the ſame. | 
e following arrangement of the S bjecke of of Corpuſcular Philoſo- 
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| At rde see Weh effort is fuflicient; 1 
only to change their relative ſituation, but even to k- 
vide chem into diſtinct globales. Vapbur is that, in 
Which the tennity of the integrant particles reulers them 
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bende che dinzenfions of all bodins, muſt, forthe: Gave 


veaſan, weaken or deſtroy the attraRion of aggregation; 


and, accordingly. many ſolids are by the application. uf 


heat ſucegibrely converted into the ſtates of fluidity and 
vapour. But if heat be itſelf a fluid, the changes of 
aggregation which it occaſions, are rather inſtances. of 
the 2nd ſpecies of Corpuſcular Attraction; fince they 
aſt in this caſe be produced by the combination of che 


particles of . with. Ut | 


NO | 
Mo. —— es ana 
dern chemiſts; Caloric, denotes in its philoſophical uſe 


che caule of the power which bodies poſſeſs of exciting 


the ſenſation of heat or coldneſs. The relative ſtate of 
any body in regard to our ſenſation of heat or coldneſs 
is called Temperature. Thus a body which excites a ſen- 
fation of conſiderable heat, is ſaid to be of an high 


temperature. Two opinions have been entertained con- 
cerning the nature of heat, or of che cauſe of the ſen- 


ſation: one that it eonſiſts merely in a motion excited in 
the particles of a body ; the other that it is a fluid com- 
bined with its particles, which becomes ſenſible when 


ir ie extricnted from them, The former opinion reſts 


I ad ant ͤ K 


_ diftinguiſhable from the permanently elaſtie fluids uſually denominated 


Airs, by this criterion that the latter are not condenſable into the liquid 
ſtate by any degree of cold hitherto produced. The air of the atmoſ- 
phere was formerly thought to conſiſt of one uniform fluid exclufively 
poſſeſſing the permanently elaſtic ſtate. Modern philoſophers, among 


| whom De. Priefiley may be ſtyled the father of this branch of philoſo- | 
7 phy. have Gamer's convderable cumber of different kinds of air. 
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- a ' 2 body may de raid by percuſſion and fridtzen, which 
iv is apple, can only cauſe greater agitation ef jts 
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de „ and vapours more than fluids. Some 
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ſtances are obſerved: to be expanded more chan other 
/ ſolids; and inflammable” air is fbund to be capable of 


very conſiderable expanifion. The vapour of water, ot | 


| blo us akernately-to-apply and to withdraw a very pow» 
erfuF force'z and thereby. to give motion to 9 
min 
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10 1 heat inore; that; de, 
and vapoum more than fluids. That the conducting 
powers of bodies in the ſame ſtate of aggregation are 
different, * proved by coating with xvax ſimilar rods of 
metal, wood, and: glaſs, and plunging them in the ſame 
heated fluid. It is found, that in the ſame time the wax 
on different rods. will be melted to different heights 
above the ſurface of the fluid. Count Rumford cas late» 
r maintained an opinion, that all fluids are eſſentially 
non· conductors of heat; and his experiments prove, that 
they tranſmit it by the actual motion of their particles, 
whoſe comparative weight is diminiſhed by expanſion, 
and that every method of obſtruRing or retarding this 
motion would render the propagation of heat more ſlow 
and difficult. The motions of very fine, particles of duſt 
accidentally mixed with ſpirits of wine ſtrongly illumi- 
nated bythe ſung firſt; led him to the diſcovery of the 
it is cooling. An aſcending current was ſeen to 0ecupy 

the internal part of the tube which contained the ſpi- 
rits of wine, and a deſcending current was contiguous 
and the Count contrived to render them viſible in water, 
by introducing into it ſome particles of amber, which 

the water was enabled to bear by the addition of a cer- 


tain quantity of pure alkaline ſalt. That the obſtructi- 


on of cheſe motions will render the communication of 
heat more difficult, he proved by placing a tube contain- 
ing linſced oil within an hollow cylinder containing the 
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Auid whoſe conducting power was to be tried; and in 
this manner he found, that the conducting power of water 


Vas conſiderably diminiſhed, both when its fluidity was di- 


miniſhed by a ſolution of any mucilaginous ſubſtance as 
ſtarch, and when merely the motion of its particles was 
impeded by mixing with them any ſolid ſubſtance; which 
is an imperfect conductor of heat, as cider-down. The 
heat communicated was eſtimated by the expanſions of 
the linſeed oil. It is however remarked by Mr. Nichol- 


ſon, that'« if each individual particle were not capable of 


receiving and giving heat, the proceſs by circulation could 
not happen; and if on the contrary they be capable, the 
propagation of heat from particle to particle is poſſible, and 


muſt doubtleſs happen; though from the facts it appears 


that the heat conveyed by the internal motion is very 
much greater than what paſſes in this way. Fluids then 
are very imperfect conductors of heat, but not perfect non- 


eonductors.“ This difcovery of the nature of fluids has 
been happily applied by the Count to the illuſtration of 
the economy af nature. He remarks, that the extreme 
ſmallneſs of the veſſels in which the ſap moves in ve- 
getables, and particularly in large trees; the ſubſtance 


of -which'theſe ſmall tubes are formed, which is one of 


the beſt non eonductors of heat known; the increaſed 


viſcoſity of the ſap in winter; and the almoſt impenetra- 


ble covering for confining heat? which is formed by the 
bark ; account for the preſervation” of the requiſite de- 
gree of warmth in trees during the winter, notwith- 
ſtanding the long continuance of a degree of cold more 


than ſufficient to freeze water not guarded by theſe pre, 
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_ cautions. He farther Wb ankle 


brave the cold of the ſevereſt winters, contain very lit- 
tle liquids, and that their ſap is thick and "viſcous. 
Count Rumford had before diſcovered, that air is a bad 


conductor of heat; and explained the warmth of wool- 


len cloathing on the principle, that by ſtrongly attracting 
the particles of air, it hindered the ſueceſſive application 
of new particles to the body, and conſequently preyent- 
ed the ſucceſſive. abſtraction of new portions. of heat, 
vrhilſt the air which remained contiguous to the body, 
was unable to tranſmit it copiouſly to the adjacent parti- 


cles. 


- Theſe two laws of temperature enable us to conſtruct 


an inſtrument, called a Thermometer, by which the tem- 
peratures of bodies are compared, Since the ſenſation 
of heat depends partly on the ſtate of the organ of ſen- 
fation, which is liable to change, it cannot be conſidered 


as an accurate ſtandard, of temperature. It is there, 


fore neceſſary to contrive an inſtrument, which ſhould 
Exhibit variations of temperature, ſuch as they would be 


felt if our organs remained unaltered. From the 2nd 


law we learn, that a ſubſtance applied to another will 
came to a common temperature with it; and from the 
it , chat its dimenſions will vary with the changes of 
its own temperature. All then that is requiſite is to con- 
trive, that the inſtrument ſhould not ſenſibly vary the 


temperature of the body to which it is applied, ſo that 


its acquired temperature may be conſidered as the origig 


nal temperature of the body; and that its expanſions and” 


contractions ſhquld be cally Ml beth The former is 
, effected 
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effected by giving a ſmall bulk to the inftruments the 
latter by including a fluid in a bottle, whoſe * neck is 
Et: long and very narrow. The thermometer accordingly 
conſiſts of a glaſs ball with a long narrow tube, which 
is + partly filled wich mercury. This fluid is preferable 
to all others, becauſe it is ov = 4g eee 
P 2115 
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— thenpometes' it is 8 8 
tain two degrees of temperature, by which the ſcale 
may be determined. The two thermometers moſt fre- 
quently uſed agree in the choice of one of theſe, but 
Uſer in P to r nen The e b ee of 5 boil- 
er tt 4 IRE 50S 
eee e e,, 
by including in it a ſmall quantity of mereury, and obſerving whether, 
when it is moved e ee eg e, e eee dg g 
lengths. ' F n 
# It is defirable that es” 
upper part of the tube, that it might not diſturb the expanſions of 
the mercury. In the conſtruCtion of thermometers it i almoſt wholly 
_ CT by the application of heat. Fe | 
| The experiments, by which the regularity of che expanſions of 
mercury is proved, are detailed by Dr. Crawford in his Treatiſe on 
Animal Heat. 2nd Ed. The immediate reſult of thoſe experiments;” 
which were firſt made by M. De Luc, is that the expanſion of a mercu- 
rial thermometer immerſed in a mixture of equal quantities of hot and 
cold water, or of linſeed oil, or expoſed to two equal metallic ſur- 
faces of different temperatures, was very nearly the arithmetical mean 
between the expanſions which it had in the hot and cold fluids before 
the mixture, or in the ſeparate temperatures of the ſurfaces. Hence 
Nr e He GE OR EE Ss 
_ riations of temperature. : 
$ The degree of heat requiſite the wud ies hol | 
Sdn atmoſphere, which reliſts its evaporation. = 
This 
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ing water was adopted both by Reaumur and Fahren- 
heit as one point of the ſcale; but Reaumur choſe to 
begin his fcale from the temperature of freezing water, 


Whilſt Fahrenheit computed his from a ſtill lower tem- 


perature produced by a mixture of ſnow and ſal ammo- 
iac. The temperature of freezing water, which is 
marked o in Reaumur's ſcale; is accordingly. marked 32 - 


in that of Fahrenheit. But theſe ſcales differ alſo in 


their diviſions. In Reaumur's ſcale only 80 degrees are 


counted between the temperatures of freezing and boiling 


water: but in Fahrenheit's ſcale * 180, and conſequently 
the temperature of boiling water is marked 212. 


The mercurial * of ee are naturally 
limited by that of boiling mercury, which is at the Gooth 
ME: of Fahrenheit's ſcale; but. a * of ſtill 


This temperature mould therefore be found at a certain known height 


of the barometer. For this purpoſe the height of 29.8 inches has 


been choſen by the Royal Society. The preflure of the atmoſphere 
on the outſide of a thermometer, not being counteracted by the 
ſpring of any included air, is exerted in diminiſhing the ſize of, the | 
ball, and conſequently ſuſtains the mercury at a ſomewhat greater 
height, than that at which it would ſtand merely on account of its 
temperature. This is proved by breaking off the cloſed end of the 


tube, in conſequence of which the mercury immediately falls. This 


quantity of additional elevation varies with the weight of the atmoſ- 
phere, but the quantity of the variation can ſeldom amount to more 
than the tenth part of a degree. Thermometers | with balls are leſs 
affected by the atmoſphere, than thoſe with bulbs of other ſhapes. 

* To reduce theſe ſcales, to each other it muſt be obſerved, that 
the number of degrees of Farenheit's ſcale between the temperatures of 


freezing and boiling water, is to that of Reaumur's ſcale as 9 to 4 


Therefore if a given number of degrees of Fahrenheit's ſcale be mul- 


tiplied by 4, and divided by 9, the reſult will be the correſponding 
. number of degrees. of Reaumur's ſcale. 


© higher 
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higher degrees of tide is important both to the philoſo- 
pher and to the artiſt. To ſupply this deficieney * Mr. 


Wedgwood propoſed, that an inſtrument ſhould be form- 


ed of clay, and that the higher degrees of heat ' ſhould | 
be "meaſured by its contraCtions, which render it an 


apparent exception from the general obſervation that all 


bodies are expanded by heat. He found that the dimi- 


nution takes place in a low red heat; and that it pro- 


ceeds regularly as the heat increaſes,” until the clay be- 


comes vitrified, and conſequently to the utmoſt degree 
which crucibles or other veſſels made of this material can 
ſupport. The total contraction of ſome good clays, 
which he examined in the ſtrongeſt of his own fires, 
was conſiderably more than one fourth part in every di- 


menſion. He propoſed that the clay ſhould be carefully 
formed into ſmall pieces with two parallel ſides at the 
interval of five tenths of an inch; and that a gage ſhould 


be made of two pieces of braſs, twenty- four inches long, 
fixed five tenths of an inch diſtant at the one end, and 

three tenths at the other, upon a braſs plate, ſo that one 
of the thermometers ſhould juſt fit at the wider erid. If 
it be diminiſhed in the fire one fifth of its bulk, it will 


then paſs on to half of the length of the gage; if dimi- 


niſhed two fifths, it will go on to the narroweſt end; and 


in any intermediate degree of contraction the degree at 


which it ſtops will be the meaſure of its contraction, 
and conſequently of the degree of heat which it has 
undergone. The ſcale of this thermometer begins at a | 
red heat fully viſible in day-light; and the . beat | 


8 Phil. Trans. vol. 72. part 2. and vol. 74. part 2. | 
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| which Mr. Wedgwood obtained in his experiments was of 


160 degrees, the gage being divided into 240 equal parts. 
We need not be ſolicitous about the preciſe degree of heat 
employed in baking theſe thermometers, provided only 
that it does not exceed the loweſt degree, which we ſhall 
Rave occaſion. to meaſure ; for a. piece, which has ſuf- 


fered any inferior degrees of heat, anſwers as well for 


meaſuring higher degrees, as a piece which has never 
been expoſed to the action of fire, * It will not how- 
ever begin to ſuffer a diminution of bulk, until it ſhall 
have been heated beyond that degree of heat which it 
had before experienced. The only precaution neceſſary 
in the adoption of this thermometer, is that the ſame 


kind of clay ſhould always be uſed. 


» This quality r male rd Wedgwood to 


the diſcovery of the heat, by which many of the porcelains and ear- 


then-wares of diſtant nations and different ages had been fired. By 
the thermometer he marked the heat at which they began to ſhrink, 


and conſequently the greateſt heat which they had before experi- 
- enced, Of ſeveral pieces of ancicnt Roman and Etruſcan wares, none 


appeared to have undergone a greater heat than 32, and none leſs than 
20 degrees. Worceſter china vitrified at 94; Mr. Sprimont's Chelſea 


china at 105; the Derby at 1125 and Bow at 121; but Briſtol china 


thewed no appearance of vitrification at 135. The common ſort of 


Chineſe porcelain did not perfectly vitrify by any fire which Mr. Wedg- 
wood could produce; but began to ſoften about” 120, and at 156 be- 


came ſo ſoft as to fink down, and apply itſelf cloſe upon a very irre- 
gular ſurface beneath. The true ſtone nankeen, by this ſtrong beat, 


Ad not ſoften in the leaſt. The Dreſden porcelain is more refractory 


than the common Chinefe, but not equally ſo with the ſtone Nankeen. 


The cream-coloured, or Queen's ware, bears the ſame heat as the 


Dreſden. 
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Mr. Wedgwood afterwards contrived to conneft his 
ſcale with that of Fahrenheit, by the uſe of a ſilver ex- 
panſion- piece as an intermediate meaſure. A gage is 


formed for this in the ſame manner as for the thermo; 
meter of clay. The point near the narrow end of the 
gage, at which the piece ſtood, when of the tempera- 
ture of 50 degrees of Fahrenheit's ſcale, was marked o. 
By * obſerving the progreſs of the piece during the ſuc- 
ceſſive augmgntations of its temperature, | firſt to that of 
boiling water, and then to that of boiling mercury, it 
was diſcovered that one diviſion of. the gage correſponded 
to 20 of Fahrenheit's thermometer. The expanſions of 
the filver were then compared with the contractions of 
the clay in higher temperatures; and by combining both 
reſults it was diſcovered that one degree of Mr. Wedg- 


wood's thermometer correſponded to 130 of that of 8 
Fahrenheit, and that che o of the former corre ſponded to 


10774 degrees of the latter. The whole ſeale of Mr. 
Wedgwood's thermometer includes 31, 200 degrees of 
Fahrenheit's ſcale, or nearly 54 times as many as are in 


the latter ip WEI e ET: 
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| with the filver; becauſe the latter would otherwiſe _— 
of its expanſion. This is not neceſſary in regard to the clay, becaufe 


the eontractions cauſed by heat are permanent. The gage being hent- 


ed, the obſervation will give only the comparative expanſion of the 


filver; but this will equally fupply a a graduated meafure of temperature. 0 


+ Mercury freezes at 40 degrees, or rather at 39, below o of Fah- 


peuheit's ſcale; and conſequently 71 or 73 N the tempe- 
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The grand diſcovery of the abſorption and evolution 
of heat was made about the ſame time both by M. De Luc 
and Dr. Black. but the latter eſtabliſhed | it by the follow- 


mg EPR; ee 


It was firſt aſcertained, that ice in melting abſorbs with- 
out change of temperature a conſiderable quantity of 
heat. This he proved by expoſing in Florentine flaſks to 
the ſame heat two equal bulks of water and ice both at 
the temperature of 32 degrees: The temperature of the 
water was raiſed 7 degrees in half an hour; but that of the 


melting ice continued unvaried ren hours. Hence he in- 


ferred, that during the liquefaction of the ice as much heat 


was abſorbed, as is cquiralent © to 7 _"_ multiplied "= 


20 or 


rature of ſreeting water. This was aſcertained in the year 1581 by 
Mr, Hutchins at Hudſon's Bay. The farther contractions of mereu- 


ry take place in the act of freezing; and do not meaſurg temperature. 


M. Braun, Profeſſor of Philoſophy, firſt congealed mercury at Pe- 


tahſburgh, i in December 1759, by artificial cold; but it has been ſince 


frequently obſerved in a ſtate of congelation occafioned merely by the 
natural cold of the atmoſphere. The latter has been remarked in 
Siberia, the northern countries of. the continent of Europe, and at 
Hudſon's Bay. All however that we are authorized to conclude in re- 
gard to the climate even of Siberia, is that it not unfrequently is of 
a temperature more than 39 degrees lower than o of Fahrenheits 
Tcale. This is indeed ſufficiently ſevere. When the thermometer is 


at 40 degrees below o, the beams of houſes crack with a loud explo- 


ion, trees ſplit and are killed, birds fall down dead out of the air, 
and it is with the utmoſt difficulty that man, notwithſtanding all his 
reſources, can preſerve the extreme parts of his | body from being deſ- 


troyed by the froſt, It muſt however be remarked, that we have not 


any proof, that the diſſerence of climates amounts to ſo much as the 


variation 
> 


* 
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20 or the number of half 3 that i is to 140 TRL 
That the heat was really abſorbed appeared from two con- 
ſiderations: 1. that the temperature of ice cooled below 
the freezing point, or 32 degrees, is raiſed by the applica- | 


tion of heat, which indicates that ice is capable of receiv- 


ing heat; and 2. that a thermometer applied at the bot- 
tom of the flaſk fell, which indicated the deſcent of tha x al 


55 cooled yer = fo appar of 1 855 of its heat. 


Abe beit thus abſorbedi Dr. Black denominated latent | 


hea Wenn it t did not 1 ie the thermometer. 


y 4 


That heat is on the contrary velit in congelation, 


may thus be proved. Water, when perfectly at reſt, 


$4 her e 21 ny or ne n! point, in 4 nn 5 an | 


mercury is, on account of the ſudden contraction of freezing mercury, | 


will fall ſeveral degrees below the freezing point without 
ceaſing to be fluid. If it be. then diſturbed, the CONgee 


lation' will begin, and the tem perature will at * lang 


time be raiſed to 32 wg . 


* 


— 


As heat is abſorbed i in the ns of aggregation ir | 


folidity to Huidity, ſo is it likewiſe, in the change from 
fluidity to vapour. To prove this water was heated from 


\ 
9 \ 


variation bee one winter and e The point of congelation of 


beſt aſcertained by a ſpitit-thermometer, By ſuch an inſtrument Mr. 
Hutchins aſcertained, that the greateſt artificial cold, which could be 
produced even with the aſſiſtance of ſulh natural cold as froze mercury, 


was only ſuch as would correſpond to. 45 or 46 degrees below a of a 
mercurial thermometer. Dr, Blagden's s hiſtory of the N mg of 


n, Phil. Trans. vol. 73. part 2. 


* * conſequently 
| 9 7 | 


Fl 
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| conſequenitly had received in tht time 158-dejrecs ef 
heat. It was intirely diſſipated in 18 minutes more, and 
muſt therefore have received 869 degrees before it was 


all evaporated. The heat of the ſteam was however 
found to be exactly 212, as was allo that of the boiling wa- 


ter. A great quantity of heat therefore muſt have-enter- 


ed into the compoſition of the ſteam in a latent ate. 


That heat is evolved in the condenſation of vapour 
appears from the heat communicated: to the water in the 


refrigeratory of a ſtill. This water is applied to the 


tube through which the vapour paſſes, for the purpoſe 


of condenſing it into a fluid; and the temperature which 


it acquires muſt be the effect of the heat evolved from 
the ER aggregation. * Sed e 


Theſe experiments enable us to 1 the 8 


temperatures of water whilſt freezing or boiling. When 


water begins to freeze, it conſequently begins to evolve 


Ut, which ſupplies the ſame quantity of temperature, 


that is withdrawn by the refrigerating power of the fur- 
rounding medium. The water will therefore continue 
at the temperature of 32 degrees during the whole time of 
this evolution of heat, that is during the whole progreſs of 
the congelation. In the like manner when water begins 


to boil, the ſteam abſorbs heat, and thereby carries away 


whatever is ſupplied namen A+ bp for 
Ns wg ig Hog 4 


2. i and Ar dn of heat, by as 
vic iſſtudes of heat, and cold, are productive of 
| 4 2 
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much advantage. If theſe did not happen, the whole 


olf any quantity of water which was expoſed to a freeze 


ing temperature, would ſpeedily become ſolid; and, on. 


the contrary, a body of ice, expoſed to a cas 
higher than 32 degrees, would as ſpeedily. become fluid; 


But, by this law, the temperatures which produce theſe 
offecta, are for ſome time counteracted; and the conſti- 
tutions of animals and vegetables are probably thereby | . 
enabled to ſuſtain the viciſſitudes of ſeaſons, It ſhould 
| alſo be remarked, that in cold countries the ſudden diſ- 


4 


ſolution of large quantities of ice would occaſion great 


annual inundations, which are prevented by the retarda- 
tion, that is the conſequence of this law. It is alſo ſer- 


viceable in bringing nearer to equality the tempera- 
tures of different ſeaſons and climates. « Thus,” * ſays 


aſcent. On the/approaclt of night the vapours are again 
condenſed, nen the form of dew, communi- 
cate to the air and to the earth, the fire which they had 


imbibed during the day. In the regions near the poles, 


when the vernal and ſummer heats prevail, proviſion is 
made for tempering the ſeverity of the winter colds ;' a 


quantity of elementary fire, upon the diſſolution of the 
ice and ſnow, being abſorbed by the waters, and depo- 


„ med an Animal Heat, and. l b. * F 


Q 2 | 9 mitigating : 


Dr. Crawford, (c the diurnal heats are moderated by 
the evaporation of the waters on the earth's ſurface, 
2 portion of the fire derived from the ſun being abſorbed. * 
and extinguiſhed by the vapours at the moment of tir 


| ſited a as it were in a great wanne, for the purpoſe of 
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mitigating the intenfity of the cold when the froſt re- 
turns —A conſiderable portion of the heat, whick is 
excited by the action of the ſolar rays upon the earth's 
ſurface, within the tropics, is abſorbed by the aqueous 
vapours, which being collected in the form of clouds, 
are ſpread like a canopy over the horizon, to defend the 
ſubjacent regions from the direct rays of the ſun. A 
great quantity of elementary fire is thus rendered inſen- 
ſible in the torrid zone, and is carried by the diſperſion of 
the vapours to the north and to the ſouth, where it is 
gradually communicated to the earth when the vapours 
are condenſed.” 


By theſe experiments we are alſo enabled to explain | | 

| the effect of frigotific mixtures, as that of ſalt and 
ſnow. The ſubſtances mixed become fluid, and the fluid 
mixture abſorbing much heat, deprives the neighbouring 
bodies of a part of that heat which they had before re- 

* tained. * This effect however cannot happen, if the 
neighbouring bodies have already the ſame temperature 
ta which the mixture could have reduced them; and at 
2 lower temperature the mixture, by loſing a part of its 

own heat, will become ſold. 


Fw 


„Pr. Prieſtleys Heads of Lectures on Experimental Philogffy, 
let. zo. Cold is in the ſame manner produced by evaporation.” Thus 
ice is. formed in the Eaſt Indies by expoſing water toi a ſerene air, at 
the coldeſt ſeaſon of the year, in ſhallow porous earthen veſſels. Part 


of the water tranſudes through the veſſel, and evaporates from the : 
* outſide ; -whilſt the warmth of the earth is intercepted by bodies which | ; 
are bad conduQrs of heat, Phil, Trans, vol. 55 1 


Since 
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« Bins 2 body in its change of aggregation from! ſolidity 
to. fluidity - abſorbs heat without any augmentation of ve N 
WRT. temperature, its capacity for heat is ſaid to be increaſed ;; 9 
| | and for a ſimilar reaſon in its farther change from fluidity; 5 4 
tot eee. its capacity is again ſaid to be increaſed. In — 
the contrary changes, on account of the evolution of — 
ange. its Yon ſaid mob n F 


3 


- The. phenomens which. have 1 - been deere, ſeem. 


; . ne ee A . the 
Gale of eee, a. body would be deprived of all heat. For 
this purpoſe the following theorem was propoſed by Dr. Irvine. Let 
s repreſent the required number of degrees of temperature of a body 
juſt congealed, reckoned from tlie total privation of heat, 1 the num- 

ber of degrees of additional temperature required for reducing it to 
fluidity, n the capacity of the ſolid, and m the capacity. of the fluid, 
Then, ſince the quantities of heat contained at the ſame temperature 
muſt be proportional to_ the capacities ſor beat, +1. i 8 f f m n. 


Whence s = = + But, on account of the change of capacity 2 
which the body undergoes in becoming ſolid, this concluſion muſt Bie i 18 

corrected in the reciprocal proportion of that change; for the 
changes of temperature of a r 


proportion, in which its capacity is diminiſhed. Therefore n m 
In 


— — 


5 = s the number of degrees a temperature from the 


rotAgrivation of heat. It has been obſerved that water in becoming . 7 
e n 10 9. bY 7 

then | be conſidered as 146, f. ee If chere. ä 'Y 
fore ice were cooled 1400 _ below 32, that is x368 a5 be. 

| low o, it would retain no more heat. Dr. Crawford, from a conſide- 

ration of the heat of pure and inflammable air, determined the point 


of total privation to be nearly 1500 degrees below o. "Prank. om 
Animal Heat, 2nd. Ed. p. 267. 
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rience, and the effefts. that have been noticed under 
the names of abſorption and evolution. The inereaſe 


of temperature occaſioned by friction or percuſſion has 
been explained agreeably to this hypotheſis by Mr. Kir- 
wan. If the parts of a body containing any fluid be 


made to vibrate ſtrongly and irregularly; they will expel a 
part of the fluid out of their pores, provided that the, fluid 


de not fufficiently compreſſed to move in correſpondence 
with the vibrations. For in this cafe a vibrating par 


ticle may be conhdered ag if its dimenſions were in- 


cxeaſed, which ie in effeQ the fame thing as if the. 
pores of the body were diminiſhed.” The capacity of 
the body will thus be diminiſhed, and . 


temperature will be gg * | 
But, 


Cant Rumfard has indeed lately contended (Journal of Nat. 
Philoſophy &c. ſor June, 1 798) for the ancient opinion, that heat is 
only 2 motion excited in the particles of bodies. This he has been in- 
duced to do, by obſerving © the very conſiderable heat which a braſs 
tun acquires in a ſhort time in heing bored, and the more intenſe heat 
| (much greater than that of boiling water, as he found by experiment) 


of the metallic chips ſeparated from it by the borer.” This hear, he 


argues, could not be furniſhed by the metallic chips, becauſe it ap- 
peared from experiment. that their capacity for heat was not altered. 
It waz next to be conſidered, whether the heat might not have been ſup- 
plicd by the adjacent air. To determine this queſtion, he excluded the 
external air from all acceſs to the inſide of the bore, and even to the 
inſertion of the borer, and found the reſult of the experiment ſtil the 
fame. Laſtly, he argues that it is utterly improbable, that the heat 
could have been W bar, to che end of 
| which 


. 


Sac 


| 
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But, whatever may be the natu1 of heat, it ; muſt, be | 
Had as holding a principal place in the ſeries of 
_ cauſes, by which the adjuſt fit of che univerſe is 1 
. As the projectile force, combined with tnß e ö 
attraction of Gravity, regulates the motions of che ges „ 
bodies which compoſe the planetary ſyſtem; ſo it is the — 
repulſive force of heat, combined with Corpuſcular ' 
traction, chat regulates the various changes of the ma- 
ler particles of matter: and as the different 1 prgjectile | 
forces are adapted to the different Planetary movements, 
To the unequal capacities of different ſubſtances for TY 
maintain them in different ſtates of aggregation, | a 
their circumſtances are in other * fimilar. | 


7 


5 The attraQtion, which has ; les . 
is that of aggregation, or that which exiſts between pri- 
ciples of the ſame nature. The attraction of compo 
ſition, which retains two or more e principles « of different 


which the te ee, was el, or bf the full 588. of gun-menyl, 
y which che hollow eFlitider 1 was turned round” the borer. On this 
——— of the Counts con- | £ 
clufion ſecins to depend. | He maintains the improbabilicy'of 'thistfap, —© © 
_ Ply, becauſe “ heat was continually going off or t, the machinery by | 
doth theſe paſſages, during the whole time the experiment, laſted.” e 3 
' This however, as has been ſuggeſted by Dr. Perceval, is reducible to this „ 
general query: may not heat, Which had been latent in one body, be 1 
communicated from it by mens of another, which, bn account of its 1 
| Inferior eapariry for heat; is arche fame time evoluing a part ob lt . w 2 
a ſenſible ate? The rotation of the neck which ſurne the 2 
and the vibrations excited in the iron bar to which phe; borer is a 


- muſt cauſe agitations in the air, and thereby ext/icate heat ; and the 
ſupply muſt be nl” 


mts. 


. 
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e 11 RED folid bodies, ee to unite together, 1 
brought into contact with each other, the particles which 
touch will combine, and form 2 compound; and if the 
temperature at Cülch this new compound aſſumes the 
fluid form, be higher than the temperature of the exPe- 
riment, the proceſs will g0 no farther, becauſe this new 
compound, being interpoſed between the two bodies, 
will prevent their further acceſs to each other : but if, 
on the contrary, the freezing point of the compound 
be lower than this temperature, liquefaction will en- 


ſue; and the fluid particles being at liberty to arrange 


themſelves according to the law of their attractions, the 


proceſs will go on, and the whole maſs will gradyal- 


ly be converted into a new compound in the fluid ſtate. 
An inſtance of this may be exhibited by mixing together 
common ſalt and perfectly dry pounded ice. The falt 


| alone will not liquefy unleſs very much heated, nor the 


ice at a lower e Fahren - 
heit's thermometer. But brine, or the compound of theſe 
two, will become liquid at any temperature which is not 
more than 38 degrees below the freezing point of wa- 
ter. If then the 1 temperature of the experiment be with- 
in cheſe 38 degrees, the firſt combinations of ſalt and 
ice will product a fluid brine, and the combination will 


proceed until the temperature of the maſs has gradually 


/ 


ſunk as low as the freezing point of brine z after which 


— 


* 
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it would ceaſe, if it were not 1 ſurrounding bodies 
continually tend to raiſe the temperature. And, accord- | 


ingly, if the ice and falt be previouſly cooled below the 


temperature of freezing brine, the combination and U | 


; anne place. 


E660 


The e in NN ſolid bodies thus conibine 2 N 
gether, not being very numerous, and the fluidity enſu- 
ing immediately after the commencement of this kind _ 


of experiment, have induced ſeveral chemiſts to conſſ- 
der fluidity in one or both of bodies applied to each 


other, to be a neceſſary circumſtance, in order that they 15 


may 1 GO action Danes, other. 


If one of the two bodies applied to hd aer be fluid 
at the temperature of the experiment, its parts will ſuc- 
ceſſively unite with the parts of the ſolid, which will 
thus be ſuſpended in the fluid, and diſappear. Such. 2 


fluid is called a ſolvent or menſtruum, and the ſolid 925 


dy is ſaid to be OG 


Some ſubſtances EO ks Te hs proportions. In 
| this way the acids unite with water. But there are 


likewiſe many ſubſtances which cannot be diſſolved in a 
fluid at a ſettled temperature, in any quantity beyond a 
certain proportion. Thus water will diſſolve only about 


one fourth of its weight of common falt; und if more 


be added, it will remain ſolid. A fluid w ich holds in 
ſolution as much of any ſubſtance as it can diſſolve, 
is ſaid to be ſaturated with it. But ſaturation with one 


ſubſtance is the far n eng a fluid from diſſolving 
R 


— 


another | 
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Heat in general increaſe?* the Abet power ab 


probably by preventing part of the diffolved | 1 


from congealing, or afſuming the Toll 1 


TT * 8 i 7 


4 * 7 — 
"It often happens, that bodies which Have eee 


| © unite are made to combine together by means of a 
Mira, which” 1s then called the medium. Thus water 


wind fat oils are made to Unite by the medium i of . 
kali in tlie combitiation called ſoap.” ROOT 


_ very frequently happens, on the contrary, that the 


en of two bodies to unite, or remain in combina. 


tion, is weakened or deſtroyed by the addition of a third. 
Thus, ſpirit of wine unites with water in ſuch a mane 
"Her as to ſeparate moſt ſalts fm it. | 8 


"1 5 


From a great number of facts of this nature it is clear- 
tb, aſcertained that fome bodics have a ſtronger tenden- 
to unite than others; and that the union of any ſub. 
Ane with another will ſeparate a third ſubſtance, Which 
Had been previouſly united with one of them, except only 
in chofe caſes wherein the new compound has a tenden- 
ey to unite with that third ſubſtance, and form a triple 


1 


compound. This 23 of owner.) which a given 


* Alkalis are Calts of a dime taſte, whoſe ws diſtinguiſhing ag 
"Forty i th they d Woe W to gree. 
| | ſubſtance 


of en Aae le anden. 4 
ſubſtance is foynd.4p.cexhibi with ages as cen ns" | 
dies, is, by aan caſy metaphor called 1 

aud is divided en figs and: 
| wr rains gen 20 oth bus qbod, dogannd 
£4628 Lov ag 2f ene SET an. TY NO bs 
"Mn bane bl tb aA coli | 
| point ef te ingteGents, and ünites with one of 
theſe, ſo ds to ſeparate the other, wis effect is" faith 
be produced by ſingle elective attraction. Thus, an" 1 
"ea added to a ſolution of Epſom ſalt, which is a com- 
| bination! of magnefia add che fulphufic - àeid, {eparates 5 
dhe magneſia from this compound, and unites itfelf With 
de acid The magusfis, being imlolüble Wore, Falls t5 
the bottom in che form of poder j and clie Alk aft, UH: 
ing wih the acsäg forms a ſoluble falt, 5nd is füfpend- 
ed in ſolution. Tlie magneſia is in this caſe Called a pres 
cipitate. 80 likewiſe, af à combination 6f lead arid TW: 
phur be fuſed with iron, dhe fulphor ane 'the 
; iron, and leaves the dn nes een en ee e 
n l 40 i231 FEA war en * 244 
+ This picetpingte from „ bc ay be e Md n 
three different ways. 1, One" of che ce privicipley 
mch formed ie original combination; may be the pre- 
eipitats$ us in the "ſeparation of mägheſßia from the Ey 
(om Flt” 15: The new compound itſelf,” formed" 
the combitiation of the Third prineiple with? one of 
which compöſed fhie öriginal combination, may be the 
precipitate. Thus, when the ſulphurie! 5eid 8 po J 


* are wins dd wat whoſe moſt again we 
perty is that they change blue vegetable colours to red. | 
| + Chaptal's Elements of Chemiſtry: part x ſe, 1 | 
UW R 2 | „ * 
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on à ſolution of lime in the marine acid, the marine 
acid is diſengaged in vapours, and the ſulphuric acid 

forms with the lime a ſolid precipitate. ' 31. The dif- 
engaged body and the new compound may be precipitat- 
ed together. Thus, when Epſom ſalt is diſſolved in wa- 
ter, and lime · water is added, the magneſia is precipitated 
from the original compound, and the new compound of 
e | 

arent, | 


ſtances being -applied to each other, mutually exchange 

an ingredient, and two new compounds of properties 
different from thoſe of the former are produced. - Thus, 
if marine falt of lime, which is compoſed of marine acid 
and lime, be applied to mild volatile alkali, which is 
compoſed of volatile alkali and fixed air, the volatile al- 
kali of the latter compound will combine with the ma- 
rine acid of the former to form ſal ammoniac, and the 
fixed air and lime will compoſe chalk. In conſequence 
therefore of this proceſs ſal ammoniac and". chalk are 
produced inſtead of marine ſalt of lime and mild vola- | 
tile alkali, In order that this interchange ſhould hap- 
pen, it is neceſſary that the ſum of the attractions which 
exiſt between the ingredients of the one compound and 
thoſe of the other, ſhould be greater than the ſum of 
| „ 


nal combinations. ; . | N 
Many circumſtances modify the effects of elective at- 
"ay - 


7 


my 


on the ſeveral parts of compounded bodies, ſeldom fails 
to alter, and frequently reverſes, the effects of the elective | 
attractions. Thus, if ſpirit of wine be added to the 
ſolution of nitre at a common temperature, it will unite 
with the water, and precipitate the nitre; but if the 
temperature be raiſed, the ſpirit will riſe on account of 
its volatility, and the nitre will be again difſolyed. 21y. 
The comparafive quantities of the ſubſtances will vary 
the reſults. If to a compound of two ſubſtances a third 
be added beyond à certain proportion, the redundant 
quantity may again diſſolve the precipitate. * Thus, if an 
alkali be added to a metallic ſolution in a certain pro- 
portion, the metal will be precipitated; but if a greater 
W eee ems be _ rap ior pot 1 105 


. nar ihe) \ivcv-rvdy ali 


Nate, in every kind of ſubſtance, may be owing to heat alone; that 
| eyery coneretion is a true congelation effected by cold, or the diminy- - 


tion of heat; that every change from a ſolid to a fluid form is a real 
fuſion und that it may be found, that the apparent violence, with 
which certain ſolids are attacked by their ſolvents, is not owing to 
any particular or elective attraction, but to the confiderable degree of 


| heat or cold, and the great difference of comparative weight which 
enſues in the ſolvent, from this cauſe as well as from the ſubſequent Th 


rating jointly is adfluced in the ſolution of common ſalt in water. . 8 
this ſolid be ſupported in a perforated veſſel under water, but near its 


furface, the ſolution eil be moſt rapid: 1ſt becauſe the temperature 


is diminiſhed, and conſequently the water is condenſed in the-proceſs ; 
and aly. becauſe the ſolution of falt in water is itſelf more denſe 


chan the water itſelf. On both accounts therefore the brine will ra 


pidly deſcend, and freſh portions of che ſolvent will continually be 
| hrought in Gatsck with the fal Experimental Eflays, 1 
is again 


n 


Naz 
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again diſſolved. If on the other hand one of the. ingre· 


_ dients of the compound body be“ in exceſs, the additi · 


on of the third ſubſtance may combine withithat exceſs, 
and leave a ſubſtance.exhibiting properties very different 


from the former. Thus, if cream of tartar, which con- 


ſiſts of the vegetable alkali united to an exceſs of che acid 
of tartar, be diſſolved in water, and chalk be added, 


the exceſs unites with a part of the lime of the chalk. 


and forms a ſcarcely ſoluble ſalt ; and the compoufill 
formed of the remaining acid and the vegetable alkali ina 
ſalt, greatly differing in taſte and other properties from 
the cream of tartar. 31y-. The ſalubility or - inſolubility 
of ſubſtances at the temperature of the experiment muſt 
conſiderably affect the reſults. It is evident, that many 


ſeparations may enſue without precipitation ; becauſe this 


does not Ph unleſs the bee e 0 * 
The bende, 550 hich ee 120 to be b. aged in» 
to copper, is only a, caſe of elective attractions. Bars 
of iron are laid in water, which ſprings from a copper 
mine, and is impreguated with. partictes' of copper diſ- 
folved in a mineral acid. This aeid, having a ſtronger 
elective attraction towards iron than towards copper, Will, 
when the iron is preſented to it, diſſolve a portion e. 10 


n | 
„ There is a Dates ef Adana 
properties of the compound are moſt remote from thoſe of its irigree 
dients. When either of them exceeds. this proportion, ſo as to pre- 
dominate in che compound, it is ſaid to be in exceſe. ere e 
c ö 
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—— efeGted either by nature 3 
all bodies had the ſame affinity, no change could take 
place among them z but, becauſe theit attractive forces 

are unequal, the ingredients of any compound may be 
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the particles, which had been ſuſpended either by ſolu-, 


tion or fuſion in the fluid ſtate,” continuallyterid'to com- 
poſe bodies of ſymmetrical forms. On account of the 
reſemblance which. theſe conformations bear to that of 
rock. eryſtals, the proceſs has been. denominated Cryſtal- 
nization. That the form of a cryſtal may be perfect, 
three circumſtances are required; time, a ſufficient ſpace, 
and reſt, If the operation be not performed lowly, the 
particles cannot approach each other in that gradual man- 
ner, Which is neceſſary for their regular arrangement; if 
the ſpace be confined, their approach muſt be influenced 
by the conſtraint of their fituation; and any agitation 
will neceſſarily diſturb the ſymmetry of their combina- 
tion. This, proceſs is moſt remarkable in ſolutions of 
ſalts; and it has been obſerved, that different ſalts aſſume 
different figures. Since heat generally increaſes the ſol- 
vent power of fluids, they muſt by cooling ſuffer a part 
to precipitate; and for this reaſon cryſtallization always | 
begins at the ſurface of the liquid, and on the fides of 
| ; | 8 | the 
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geration. When “ water fteezes ſlowly, it forms regu- 


lar cryſtals. They are long, and joined together in ſuch 
a manner, that the ſmaller are inſerted into the ſides of 


the greater; and thus theſe compound cryſtals have the 
appearance of feathers, or of branches. of trees with 


leaves. The angle formed by the inſertion of the ſmal- 
Ter cryſtals into the longer is of 60 degrees. The cryſtals 
of metals may be ſeen by fuſing them in a veſſel having 
a hole in the bottom, which is ſtopped with a ſtopper z 
for, if the ſurface be ſuffered to congeal, and the fluid 
metal be ſuffered to run out through the hole, the inferi- 


* The tendency to cryſtallize, which may perhaps begin 8 degrees 
above the freezing point, is probably, as Dr. Percival has obſerved, 


the reaſon why water affords an apparent exception from the general 


obſervation that-all bodies are condenſed by cold. The particles of 
water may really be brought nearet to each other in each diſtinct eryſ- 
tal, and yet, on account of the reticulated diſpoſition of the cryſtals, 
the whole maſs may be increaſed in its dimenſions. | 

Count Rumford has remarked, that this peculiarity is produCtive of 
the moſt important advantage in the prefervation of heat. He has 
ſhewn that heat is communicated in a fluid by the motions of its parti- 
cles, which are probably cauſed by the inequality of their expanſions, 
But, on account of this peculiarity of water, theſe motions are ſtop- 
pul by.» gemtrary, ol@Q, before the mater hag; bean. cooled. down 
to the freezing temperature; and conſequently moch of its heat is 
retained. This circumſtance therefore preſerves the fluidity of lakes 
of freſh water, and of the ſap in vegetables. The ſea-water on th, 
other hand, holding a large portion of ſalt in ſolution, is not ſubject 


to this law, and will therefore continue to communicate heat to the 


atmoſphere ; and this communication of heat will be the more copi- 
ous, becàuſe its point of congelation is at a conſiderably lower tem. 


perature. Experimental Eſſays. 


Ramm be ben ® * cryſtal- 5 


b e . mercury are formed by freezing, 
co ſpicuous than thoſe of any other 


Y metal: Dr: eee, that et ofthis 


action is probably that it congeals more ſlowly than 
any, other metal, as probably it has never been expoſed 
to a degree of cold much below its freezing point. The 
eryſtals of earths and ſtones are formed in many caſes 
by the depoſitions of water, when it has by attrition re- 
duced them to a ſtate nearly correſpondent to ſolution. 
All gems are ſpecimens of cryſtallized « earths or kg 
/ ae e ee cloſe. 


The 0 Saen awd chemiſts endeardiired, 
4 arrange bodies by the figures of their cryſtals. Sub- 


* 


ſequent experience has however ſhewn, that their cryſ- | 


tallization is variable by ſo many and ſuch minute cir- 
cumſtances, that a conſiderable dependance on this . 
àttribute is very liable to error. 


A very ſingular property may be Seen in ſolutions 
a ſalts, which has ſome connection with cryſtallization, 


though it has a dependance on the operation of other 


cauſes. This is called Saline Vegetation. The ſaline 
matter ſlowly creeps up the ſides of the veſſels i in which 


ir is.contwined, poſſes. cove the edge, and down the ex- 


* The permanent texture of bodies i SA 3 


date of „ Thus ſteel, ſuddenly cooled, breaks with a 
k ' granular fracture, is leſs denſe, and very hard; whereas the ſame ſteel, 
moresſlowly cooled, is denſer, fofter; leſs' brittle, and when broken ex- 
hibits a very different TIS Nicholfon's Dictionary of 
Chemiſtry. - Ar t.Cryſtallization, FS KLE a PR 
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belhal ſurface. This ſeems to ile from the combines 
operation « of light and ar. . Chaptal, in a varlety 
1 of experiments, aſcertained that the vegetation took place 
= only on thoſe urfaces which were illuminated. In the 
11 Fes of a few days, and frequently eren within one brigte- 
gay, the falt was elevated ſeveral lines above the” liquor 
upon the enlightened ſurface, while there did not appear 
che ſmalleſt eruſt or edge on the dark part. This was 
moſt remarkable in the metallic ſalts which are Combins- 
tions of acids with metals. The vegetation may be direQ- 
ed at pleaſure towards the different parts of the veſſel, by 
covering them in ſucceſſion; for the ve on always 
takes place in the enlightened part, and quickly ceaſes in 
chat which is covered. When the ſame ſolution has 
© ſtood for feveral days, the infentible evaporation" gradual- | 
iy depreſſes its ſurface, and a eruſt or edge of falt is left 
in the obſcure part; but the falt never riſes, or at leaſt 
very imperfeckly, above the liquor, 5255 cannot "be" com- 25 
pared with the true ä We a 6 


This property of vegetation differs greatly in the feve= 
ral ſalts. "Thoſe which are deliqueſcent, that is, which 
are reduced to fluidity by the moiſture which they at- 
tract from the air, moiſten the tides of the veſſel to a 
mall diſtance above the edge of the fluid, but form nei- 
1 cher cruſt nor ramification. Thoſe ſalts which are leaſt 
. Heliqueſcent, a appeared in general to vegetate moſt ſpeedi- 
* „ and among theſe the metallic ſalts appeared to have 
== -  ..the pre-eminence, . Very ſingular 1 varieties are obſeryable | 
Boy farts Fart alleRcd by — — 
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+5 . Chapt was | however convinced that; air is is the  prin- 


pry oF 1 . : 


ef 


cipal agent by obſerving 1. 1. that a folution will not ve- 


getate, though poles. to light, if it be covered | by a 


glaſs from the air; 2. that it it vegetates | dooner 3 in a very | 
open than in A exlindrical veſſel, and ſooner i in the latter 


chan in zn uncorked bottle; 3. if a glaſs, funnel be te 


2.4 10 . 


verſed in a veſſel containing A ſaline ſolution, the vegeta- : 


tion will take place on the external ſurface, but ſcarcely 
at all within; 4. a ſolution of copperas, left in a very 


„ een 


obſcure place, vegetated in chat part only which was un- 


covered, but more flowly than when A greater quantity 
of light was admitted. u. appears therefore that the ac- | 
ceſs of air and its free circulation are peculiarly advane 


xgrous. to the produktion of this . 


+” 
# 
* hay 


if The preſence of light,” Mr. Nicholſon adds, « bs 


found to interrupt cryſtallization nearly in the fame man- 


ner as agitation would have done. The vegetation. of 


ſalts conſequently appears t to be of a diſtin nature in 5 


. certain reſpects from cryſtallization within a fluid. The 
cryſtallization which approaches m moſt nearly to vegeta- 
tion is effected when a thin covering « of faline ſolution is 


ſpread out upon a pane 0 of glaſs, In this caſe che 2 1 
tions of the partigles « of the falts to each other, are all . 


nearly in the fame plane, and may therefore, notwith- 
Ranging the ſpeedy evaporation, be expected t to produce 
more fyrimetria than when a much greater 


SY 2720-5 le 


8 2 75 thickneſs 


4 : *Y 


" £1 2 "_ * , 4.4, 
© oo 2 Is ane? 


Auracti aRion and Rebellion. 131 


23 * 


5 le — 
Ph 2 1 
. 2 4 4 
13 . 4 7 d 
2 1 1 : — 


\ 


| thickneſs of Hai ids 2d UA 


132 | ts o Nair * dae, 


b i T hangs in 
which the air acts is a fubject of no diffcutey; finde it 
favours the cryſtallization by abſtracting the Water. But 


3 the agency of light i in the experiments of M. ap 5 
is much 1 more obſcure. Experimetit leads us flo fa 


than to allert, chat it dingulary favours the Affümptibn 
of the elaſtic ſtate, inſomuch chat 5 ri ciples, hich th 
the dark would have remairied dae become 
by the agency of, light which gives elaſticity to one or 
more of them. —Simple evaporation is likewiſe ſo far 
favoured « or me ified, chat tlie fluid in a"cloTed "ett or 
bottle partly filled with water or ſaline folution, 'riſes 
and is condenſed i in drops on che fide neareſt ite "ihe. 
This fact helps us forward in a certain degree: for the 
"light muſt raiſe part of the ſolution, whether merely 
aqueous or faline, on that fide of the veſſel Which'is 
"moſt illuminated; and when once the ſurface is wetted, 
the ſaline ſolution will rife to a certain height by coheſive 
attraction. In this nates it becomes the film of li- 
quid expoſed on a pane of glaſs. Speedy eybporation 
"affords cryſtals 1 more or leſs regular, on the ſame prin- 


ciple as ramified cryſtals ; are produced in the inſtance laſt 
mentioned. The interſtices between theſe minute "btyſ- 


tals are capillary tubes, which e carry up Mmbre Of the Laline 
ſolution, which is diſtributed by the agency of ght 'as 
before, „ and the vegetation goes on. Henbe it appeats, 
"that a want either of licht or of air miſt ſuſpend” the 


| proceſs, ſince it i is in vain that the light is found to Tpread 


the fluid over che ſurface i in a cloſed Veſlel, if there be 
not enough of air in ſucceſſion to cryſtallize the ſalt by 
* » Tt muſt be obſery "that the nature of 
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e inetals is Hot matter of indifferenee nnn 
* "nithts. Gn ie very proper, but metals much les 
JET Tue tauſe of is tiferetice has not been deer. 
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G | ark bete ate Ae r Butt die nee 
Mie, in Whidh Melt particles repel esch achter, chene 
| ſeems to be a Cotpuſciitar Repulſion as well us Wttric- 
tion. M. Chaptif however tots hot chink "thit theres 
in this cfe any fedl repulfon. Ackording to ns R- 
nion ils effect is pfoduced, pattly by the endestvur of 
the matter öf heat to cofübine with botties, Whieh ne- 
"ceffarity Grkiniſtics' their force of aggregätzon;; at Part- 
* f by the extreme 'levity of that matter, Which ebntinu- 
"ally tefids to elevate the body with which'it is combinell. 
bit Ber this Bea real fepulfton or not, chemiſtry 
has in this caſe brought within our knowledge one of 
thoſe admirable contrivances, by which the equilibrium 
of the material world is preſerved. « The affinity of 
compoſition,” ſays M. Chaptal, “ is ſo much the more 
ſtrong as bodies approach nearer to the elementary ſtate 3 
and we ſhall obſerve, on this ſubject, that this law of 
nature is founded in wiſdom : for if the force or affinity. 
of compoſition did not increaſe in proportion as bodies 
were brought to this degree of ſimplicity ; if bodies did 
not aſſume a decided tendency to unite and combine, 1 
proportion as they approach to their primitive or elemen- 
tary ſtate; the maſs of elements would continually in- 
ereaſe * cheſe ſucceſſive N ET * 
16 hai of eh : 
5 1 5 : | ons z 
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or confulion of principles, which is ſuppoſed to haye 
been the original ſtate of the globe.” The emiſſion and | 

reflection of the rays of light, and the phænomena of 

Electricity and Magnetiſm furniſh leſs equivocal inſtan- 
ces of a repulſiye power ; and it has been obſeryed, that 
the convex glaſs of a teleſcope will lie on another glaſs 
of the ſame kind without contact, ſince colours are re- 
flected every where from between them, which could not 
happen if the two in any point united o compoſe one 
uniform medium of glaſs. The floating of ſmall porti- 
ons of an heavy ſubſtance, as ſmall needles, on the ſur- 
face of a lighter fluid, is alſy conſidered is an effect of 
® repulſive force, which prevails between the flopting 
bodies and the fluid until they have been brought into 


<loſe contact; for theſe bodies, when whe, t 
ae 
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Obn knowledge of the Cog 3 EleQri- 8 
city and Magnetiſm is yet ſo imperfect, that it may be 
doubted whether the conſideration of them ſhould be in- 
eluded in an elementary treatiſe; but their great im- 

0 ce ſeems to require, that ſuch properties of each 
: 38 have been clearly aſcertained, ſhould not be omitted, 
The modern diſcoveries concerning che former have en- 
abled us to guard againſt che ravages of lightning, l | 
promiſe us a more intimate acquaintance with the moſt 
curious operations of nature; and to the properties of 
the latter muſt be aſeribed the extenting. of modern na- 
vigation, and the conſequent enlargement of human in- 
 tercourſe, and improvement of the bleſſings of civilized 
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136 EZiements of Natura! Philoſophy. 
The word Electricity is derived from the Greek fide 


ol amber, in which the property of attraRting light bo- 


dies was remarked by Thales, who flouriſhed about 606 
years before the Chriſtian æra. Theophraſtus, who 


. flouriſhed 300 years after Thales, mentioned as poſ- 


ſeſſing the ſame property another fubſtance, which is 


ſuppoſed to have been that now called tourmalin. From 
this time to that of Gilbert, haſe treatiſe on the Mag- 


net was publiſhed'in the year 1600, no perſon appears 


to have given any attention, to this part of philoſophy. 


He obſerved that the property of attracting light bodies 
after rubbing was poſſeſſed by many other ſubſtances, 


But the diſcovery which was accidentally made in the 


year 1745, of the great accumulation of this power in 


what is commonly called the Leyden ano rc 


EleAricity the object of general ny. CF 


- 


If a perſon, holding with one of his hands a clean 


and dry glaſs tube, rub it with his other hand, alſo clean 


and dry, ſtroking it alternately upwards : and downwards. 
and after a few ſtrokes preſent to it ſmall light bits of 


time repel them; then attract them again, and ſo alter- 
L Tor a enſiderable time. If the tube be rubbed 
in the dark, and a finger be then preſented to it at the 


; "Aiftance of about half an inch, a lucid ſpark will be 


ſeen between the finger and the tube, a ſnapping noiſe 
will be heard, and the finger will receive a puſh, as 


Aan iſſuing with, viglence Apt f q ſmall he. 22 
| , N 0 


: paper, thread, metal, or any other ſubſtance, the rubbed i 
tube will immediately attract them, and after 4 little 


Il at che end of the tube remote from the hand be tied I 
ain ſulpending nee halls pork he tude * bed 1 I 
properties of the cad PS the cleric power paſſing N 
through the wire to the ball: but if, inſtead of the wire, 1 
a ſilk ſtring he uſed) the ball will not ſhew any ſigns of 8 
Electricity, the filk ſtring not the electris 1 
| power to paſs from the tube to the ball. The wire is 1 
| therefore called a Conductor „and the filk firing. a Non- : 592 A | 
conductor of Electrity A body reſting intjfely - 1 
— as beds when ſuſpended by the ak 1 
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The firſt law of EleRzicity i is that all known bodies ar | A 
: in regard to it roduoihle to che two claſſes of 
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138 Elements of Natural Phibſephy: 


r the * temperatures of bodies; 
Glaſs and other electries become conductors when heated 


and, on the contrary, ice, cooled to 23 e. oof 


I ts becomes electric. 
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Tue two "Following: liſts contain; in prone net 


electrics and conduſtors, diſpoſed in me "order of her : 
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Precious ſtones; of which S iwer. 

che moſt tranſparent are Copper: 
the beſt. Au nn ta Braſs. il ad in 
Neſins, and reſinous com- Lon n uh 

pounds. - RES 7 151 6. Ni 
Amber. Sata. 
Sar... i 1 5 . 
Baked wood, Semi TN * 
Bituminous ſubſtances. Ores; of which the! beſt 
Wax. $a 25 are thoſe which contain 
Silk. 2381. 


die greitelt quantity'of 
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Mr. ate aaa to 8 
2. p. 30g.) that there is reaſon for conjecturing, * that there is a cer- 
tain degree of heat, at which a giyen body may be at, the medium be- 
tween perfect conducting and non- conducting, above which degree it 
becomes a conductor, and beneath a non- conductor. But the proper- 


* 


ties of the tourmalin, which have been found to belong alſo to ſeveral. 
hard precious ſtones, will not ſuffer us to eſtabliſh this general prin- 


ciple. © Theſe ſhew no ſigns of Electricity, whilſt kept in the; ae 
gree of heat, but become electrical hor oy increaſing. or 


their het. 
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Calces of metals, and ſemi- Snow.” . Id 0 | 0 


- metals; 5-1 wm faline ſubſtances z, of 1 

5 TIE Aſhes of animal and vege- - which the metallic falts | Wo 
-- able ſubſtances. are the bett. 

vegetable ſubſtances. Stony ſubſtances: ; of which =. 

75 Hard ſtones ; of which the the hardeſt are the worſt. 

; hardeſt are the beſt. Smoke. | _— 


4 : Steam. g ; 
* | In theſe liſts there are ſome ambiguous ſubſtances, 2 
which may be excited as electrics, and are notwithſtand- \ 
ing tolerably good conductors. But che diſtribution of . 
bodies into theſe two claſſes is ſo. far accurate in this re 
| ſpect, that the leſs perfect conductor any ſubſtance is, b 
tte more nearly does it approach to the nature of an ele-. 
trie; and, on the contrary, the leſs perfect electrie it . 1 4 
is, the more nearly does · ĩt approach to the nature of a2 
condu@tor. | BO e 0 
Friction is the general method by which. EleQricity Þ _ 
L may be excited in all electric ſubſtances. Whether they | 3 4 
' de rubbed with clerics of a different king. or with BE 
| | 
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conductore, they. always ſhew ſigns of EleQtficity ; bus 
the Electricity is ſtronger, when the friction is performed 
with conduftors,: For obtaining a oonſiderable 'EleQuriz 
city, it is alſo neceſſary tat the ſubſtance employed as a 
rubber ſhould: have a tegular communication with. ti 
earth; by goad conductots. But thert are other methods, 
beſides friction, by which ſome electrics may be excited. 
Theſe are pouring 4 melted electric into another fub- 
ſtance, heating or cooling; and evaporation or -effexyels 
cence. Electricity is excited. by the firſt of theſe me- 
thods in ſulphur, wax, and chocolate; by the ſecond. in 
tlie tourmalin, and ſeveral hard precious ſtones ;/ and by 
the third in the evaporation of water from among ignited 
E£oals, in the ſimple combuſtion of coals; and in the efer- 
veſcence of iron filings in diluted vittiolle acid. 


For the more convenient excitation of Electricity va- 
rious machines have been contrived, which are therefore 
called EleCtrical Machines. The moſt uſual conſiſts of 
an hollow cylinder of glaſs, which is made to reyolve on 
its axis ; a rubber of leather, which is applied to the ſur- . 
face. of the glaſs by the preſſure of ſprings; and a metal 
The Electrieity excited in the cylinder is received by. the 
conduQtor, and thereby more conveniently ſubjected to 
experiment, The ſteadineſs of the conductor renders it 
more commodious for this purpoſe than the ſubſtaiiee. in 
which the Electricity is excited; but it derives alſo a 
eonkderitlic advantage from its  condiRing - hatire. 
The electric power, which It has received gradually from 
the eleetrie, it can communicate at once; beeauſe the 

* 
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UBadarieity belonging ts dhe bote conduſtor is e 
tranſmitted through its ſubſtance to that fide, at which 
the obje& defigned for receiving it is preſented. That 
the Electricity ſhould not be ſpeedily diſſipated, it is ne- 
deſfary to inſulate the conductor. It is therefore ſup- 
ported by a pillar of glaſs, The rubber is alſo inſulated 
in the ſame manner, becauſe a communication between 


the rubber and the earth may then be formed or xemoved 


at pleaſure, by occaſionally ſuſpending from it or remov- 
ing a wite or chain. A looſe piece of ilk is uſually ate 
tached to the rubber, which adheres to the cylinder dur- 
ing its excitation, and, being a non- conductor, conſines 
che Electricity. The excitation is aſſiſted by rubbing on 
the rubber of the machine an amalgam, or mixture of 
one part of zinc and four or five parts of mercury. 


m4 


* * 
1 t A 


When Electricity has been excited by ſuch a machine, © 


it is obſerved, that, if the rubber be inſulated, effects of 

oppoſite kinds are produced by the cylinder and the rub- 
ber. 1% If a light body inſulated, as a ſmall piece ef 
cork ſuſpended by a thread of ſilk, be brought near tb 
the conductor communicating with the cylinder, it will 
firſt be attracted, and then repelled; after which it will 


not again be attracted. The ſame will happen, if a light 


body be in the like manner brought near to another con- 
ductor communicating with the rubber. But if either 
of theſe, when repelled by the one conduCttor, be pre» 
fented to the other, it will be attracted. ay. If two or 
more light inſulated bodies be ſeverally attracted by the 
eonductor communicating with the eylinder, and, when 
afterwards repelled, be brought together, they will repel 
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each other, and-continue in this repulſive ſtate f69'n/00n- 
Ederable time. The fame will happen, if other” light 


bodies be in the like manner preſented to the conductor 


' communicating with the rubber. If then theſe two ſets 


of light bodies be brought near to each other, they will, 


inſtead of repelling, attract each other; and every ap- 
pearance of Electricity will ceaſe. 3ly. If a pointed 
body, as a needle or wire, be preſented in the dark to 
the conductor communicating with the cylinder, a luęid 
globule, reſembling a ſtar, will be ſeen upon the point; 
but, if it be preſented to the conductor communicating 
with the rubber, a lucid pencil will appear, compoſed of 
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Theſe two Electricities are obſervahle in many inſtan- 
ces; ſince a rubber, whenever it is inſulated, will exhi- 
bit the Electricity contrary to that of the excited electric; 
and almoſt all the electrics may be made to acquire at 


pleaſure the one or the other Electricity, by uſing rub- 


bers of different kinds. Even a difference in the nature 
of the ſurface of the ſame body will change the EleQris 
city. Thus the excitation of ſmooth and of Wy m 
Will e _—_— EleAricities, ; 5 
r derived in this a 1 "-Y 
£ nde has been named the Vitreous Electricity, becauſo 
it was ſuppoſed to be the conſtant production of rubbed 
glaſs; and the other, becauſe it was firſt obſerved to be 
| FO * reſinous was * the Reſi · 
een. | | nous 
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or deficiency: Put ee to e the eu eel = 
the former has been uſually termed the Poſitive, and t 


jected by an im be d, dete ges in al bs 
ticks * fluid repel each other, hut attract thoſe f 
other matter. When a body does not ſnew any e | "08 
ral quantity of electric fluidz, but if it ſhew any Elec 2 
| trical appearance, it is ſuppoſed that it has either acquir= | 
3 — quantity, or loſt ſome af its natural oy 
el bythe das en. | 0 
+ | 
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The ſecond law of KleQuigity i that bodies in oppo= 1 
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non; electrified body, attract each other; and bodies in 


3 


. 


The truth of this law appears from the preceding et- 
pPeriment. The light bodies, whilſt in a nen- electrified 
Rate, are attracted by either eonductor; and, when from 
the nn 1 — have received oppoſite Ele- 


wicities, they are obſerved to be attracted towards each 


either eonductor have received fimilar AU, HE 


— pain other. 
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Ibs cafe ef antraction has been in tome degree re- 
eonciled with the hypotheſis propoſed by Dr. Franklin; but 
chat of repulſion has remained an acknowledged difficul- 
ty. Mr. Cavallo has indeed “ labowred- to eſtabliſh the 
Vis ſolution however appears to be liable to objegti- 


ons. Perhaps the „ 
cuſes.may be thought ore fatisfaGtory. 


F 4 
4 


For determin ener Abus be the reſult in any eom- 


1 1 
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Vinton of electrified bodies three forces muſt be conſi- 
dered; rt the attraction ſubſiſting between each body 
and its on portion of the electrie fluid; 21y-the attrac- 
ton which may fubfiſt between each body and the portion 
of the electric fluid belonging to the other; and 3!y- the 
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epuliviſubliſtg between the two o ports of th the elec. 


. {114% * Ann! How 11 


That bd Ph „ two bodies in 
oppoſite Rates | of Hectrieity may be explained, it is ne- 
ceſſary to conſider previouſly the caſe of two bodies in 
their natural ſtate. In this caſe the force ſubſiſting be- 
tween each body and its on portion of the electric fluid 
is not in a ſtate of ſaturation, -becauſe- it muſt be ſufficis = 
ently: ſtrong to counterbalance the elaſticity of the fluid? 
Each body is therefore till capable of being attracted by 
the fluid belonging to the other, and each portion of fluid 
is alſo capable of ſuch attraction. This force, if it ſhould N 
operate alone, would draw the bodies together; but the 
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mutual repulſion of the two portions of the fluid tends to 


produce the oppoſite effect. The quieſcence of the bo- 
An - =o re N een 
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If two bodies 1 ſtates et Rea ebe vided 
together, the body poſitively electrified cannot be attraQ- 
ed by the electric fluid belonging to the other; becauſe 
this body may be conſidered as ſaturated with the fluid, 
and' that portion of the fluid may be conſidered as ſatu- 
rated with ſolid matter. For the oppoſite reaſons an at- 

traction will take place between the body negatively elec- 
_ trified and the fluid belonging to the former. It remains 
to be ſhewn, that this attractive force may exceed the 


* . 


mutual repulſion of the two portions of fluid. It muſt 
be obſerved, that the repulſion remains the ſame, becauſe 
the ſum of the two quantities of fluid is not abered; | 
whereds * attraction is augmented by the unequal dif- 
27600083 Cd | tribution 


14h Elements of Nau, Philfophy. 


tribution. of the fluid. The one bady is charged with more 
fluid than that which its own attrafting foree'is capable 
of retaining, and the redundant fluid will conſequently be 
Krongly. impelled towards the other body, whoſe attrac- 
eee eee e de 
eee ee Hao | 


| i ann of the alles b eee 
other poſitively electriſted, the repulſion ia increaſed be- 
cauſe the quantity of fluid is inereaſad but the attrafti» 
on is ſtill more increaſed, becauſe the latter is changed with 
an additional. quanzity of fuid, which, as in the formen 
eaſe, is only retained by the non- conducting quality oi 
the air. If che latter be negatively ele&rified, the re- 
pulſion is diminiſhed, becauſe. the quantity of fluid is di- 
more ſtrongly attracted towards the electriſied body, on 
account of the deficiency of fluid belonging to the latter, 
and this augmentation will compenſate the ceſſation of the 
After that light bodies in their-natural ſtate. have been at- 
trated, they, acquire by contact the ſame ſtate of Rlectri- 
city with that of the body by. which. they amm 
| F N 


— be.Gmileply. eldhaifed, Sqrons 5 
wh, other, For, if they are both poſitively, cleQtified, 
the ſolid bodies are ſaturated. wich the electric fluid; and, 
Fi they, ame both negatively. cleQrified, the two portions 
of che electric fluid are ſaturated with dhe ſolid: bodies, 


a . 


f 
; 


0 


1 


. 
ka VT 


i 


We) tio towards the Ruid belonging to the other; 


and in th latter caſe the portion of fluid belonging to 
each body muſt be incapable of attraQtion towards this 


othi& body. 'Conſcquently in neither cafe will any force 


be exerted in oppoſition to that repellint force,” which | 


h tends to ſeparate the two portions of the ſſuid, and there. 
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This is a moſt important property, fmve it is by this 
anne paak 5m} van 
| C TN 85 


- © This theory Cappoſes the electrie fluid to be u het, mud, n- 
dawn from one body, and faperadded to another ; but it is hot neceſs 
| Gary to tegard it 4 Fmple flnig; We know that atmoſpheric air u 
— combination of at teaft two fluids; and yet explain all phæamomenm des 
pending merely on its preſence, as the ſuſpenſion ar quickfiiver in the 


barometer, by confideringit as one. Some other phitnomens of the elee · 
trie fluid thay be con ed wirh « decompoftion of ite nature. Fickice 
poſſibly may be derived its phoſphoric duen, the power which it iy fall 


| $0 polleyof changing blue vegerable colours to red, am its ect in it | 
_ ereafing er diniliiſhing the hulk of various kinds of air. But che theory 


of two electric fluills, to which the theory phat has been ſtated is oppoſe, 
Fepreſeins the phainomiima'of electrit attraction and repulſion'as ain 
from the alternate predominance of either of two fluids, euch ef which 
confifts of particles repelting each other and artratiang thoſe of the other 
fuid and of all other bodies. In che ogtural Rate of a body theſe fluide 
arc ſuppoſed to be reſtored to equilibrium by their combination. Th 
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of lightning. It may be proved by the dülloving expe- 
riment. Let a perſon hold the knob of à braſs rod at 
a: diſtance from the conductor of an electrifying ma- 
Rag ſparks may eaſily fly from the latter to the for- 
mer, when the machine is in motion. If then the Marp 
point of a needle be preſented at a diſtance! nearly dou- 
ble of the former, no more ſparks will go to the tod: 
if the needle be wholly removed, the ſparks will be ſeen 
again: if it be again pretented, the ſparks will difappear- 
Theſe phænomena ſhe w, that the point of the needle draws 
off ſilently almoſt all the fluid, which the cylinder of the 
machine throws upon the conductor. If che needle be fix- 
ed upon the conductor with the point turned outward, ; 
and the knob of the braſs rod, or the knuckle of a fin- 
ger, be brought very near to the conduttor, though the” 
excitation of the cylinder be very ſtrong, no ſpark, or 
* an exceeding ſmall a, can be * from the 


thy forms oe ref by an xprimen care by th core 
F. Beccaria, and mentioned by Mr. Cavallo (vol. 1. p. 241): In the 
middle of the receiver of an air-pump was erected a ſhort rod, having 
on its extremity, 'a metallic ball; and a fimilar-rod proceeded through 
the neck of the receiver to a diſtance from the former exceeding four 
inches. If, when the receiver is exhauſted, the upper ball be electri- 
fied poſitively, by touching the exterior extremity of its rod with the 
conductor of an clectrifying machine, a light appears about it, but 
none about the lower ball; If the former be electriſied negatively, by 
a communication with the rubber of the machine, a light will appear 
about the lower ball, but none about the upper; If the poſitive and 
negative Electricity were two diſtinct fluids, attractive of each other, 
light ſhould in this experiment appear at the ſame time about each ball: 
but, on che contrary, it only appears on chat ball, which according to | 
. nn w 
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| conduſter. 
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in this manner with the theory which has been propoſed. | 


The electrie fluid, which. is to be communicated: to the 
conductor, is expanded with a greater intenſity, when 
the ſurface through which it muſt paſs is contracted. It 
will therefore, when a pointed conductor is preſented to 
it, more effectually overcome any reſiſtance which may 
oppoſe its paſſage; and conſequently move ſilently and in 


a continued ſtream. For the ſame reaſon it will be in 
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to the protection of buildings from lightning, tha grand 
advantage hitherto. derived from the knowledge of Elec- 


tricity, it is neceſſary that the manner in which the dif- 


” 


covery of the identity of lightning and the e fluid 
Was made, ſhould be ene ae a 
51070 ary ok. * j 8 
* The correſpondence of the Fora of hens 
and the electric fluid had been obſerved by many philo- 


ſophers; but Dr. Franklin firſt propoſed a method of 


verifying the hypotheſis of their identity, by erecting 

pointed Fe which ſhould receive the electric fluid from 

the atmoſphere, and diſcharge it into the earth. The 

diſcovery of this property of pointed conductors is alſo 

| aſcribed to Dr. Fran, Net Smog any *. 
4 Dr. Prieley' une met pr E in 
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2 r0d of = moderate height would be ſufficient for he 


experiment, he raiſed into the air, during the approach = 


of a thunder ſtorm, a common kite with an hempen | 


- firing, by which the fluid was conducted ton key, from 


which it was collected and fubjeQted:to all the uſual ele · 
the kite with a pointed wire, for the purpoſe of drawing 
the lightning more effeQually from the cloadsz but Mr. 


This diſcovery Dr. Franklin applied to the protection 
of buildings, by fixing pointed metallic rods higher than 
the carth, or rather with the neareft water. Lord Mahon, 
now Earl Stanhope, in his Principles of Ekerieity; | 
has pointed out an effect, which he calls the returning . 


Proke, to which attention * 
tion of theſe nnn 


" This iss effo@t of that qeep A eloQic l, which, 
by the vicinity of a cloud highly eleQtified, is driven away 
from certain bodies, and which ſuddenly returns to thoſe 
bodies when the cloud happens to diſcharge its EleQtri. 
city by a firoke of lightning to any other body, Lord 


ing ſtroke may occaſion great damage, even at a conſide. 
rable diſtance from the place where the ſtroke of light. 
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given by e ec of „ 
10 then ts und bn mä of uch fubtances; 30 ue 
in their inturez de belt coenduktor of Eiectrieity; 25. 


det they he uninterrupted; 30. thav'they be of a ff. 


ficient thickbefs ; Aly hats when ſeveral rods from df, 


| ſerent parts of the building are combined: together, they 


be perfectly comteRted: with' the common ſtock 3 519% 
that they, be: acutely pointed; G. that they be finely ta- 
pered; , that they be prominent; M, that each tod 
be carried in the ſhorteſi convenient direction te the 
common ſtock; gi that all large and prominent bodies 

of metal upon the top oi a building ſhould be: conneQ- 
2 ſome: proper metallic commu- 
nication; nol». that there be » ſufficient number of high | 
and moet rods; and, cl that ee 92 1 0 


n = 
affords an eaſy explanation of the origin of the Electrĩ- 
ci in the clouds. ' The-evaponition genvally leaves the 
veſlels negatively electriſiod, and therefore the vapour muff 
carry away a portion, of poſitive Rlectrieity.“ Clouds 
and rain will therefore naturally have/the poſitive Elec- 
wicity ; though a cloud, when once formed; by ite in- 
fluence'on neighbouring clouds; may cauſe them to be- 
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regions of the atmoſphere, it may caſily be conceived, that ; 


| carth-quakes are cauſed by a diſcharge between a cloud 
and the earth. They happen moſt frequently in dry and 
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it will be reſtored. by coruſcations ſimilar to thoſe ex- 
hibited in the; vacuum of the air - pump. This would 


ſtrong, it may paſs through the air without the aſſiſtance 
of any conſiderable. quantity of vapours; and, accord- 
ing to the conductors which it meets in the air, it wil 


ſometimes be rendered viſible during ſmall parts of its 


paſſage, and occaſion thoſe appearances: which are called 
ors called ignis fatuus conſiſt of inſlammable air, which 

has been kindled by Electricity. Various phænomena 
of water-ſpouts ſeem ta be connected with: the ſame 
cauſe. They often vaniſh; and preſentiꝶ appear again in 
the ſame place : whitiſh or yellowiſh flames have ſome- 
paratus very. ſtrongly... They generally appear in thoſe 
months, which are peculiarly ſubject to thunder-orms; 
and they are commonly preceded, accompanied, or fol- 
lowed by lightning. It is alſo extremely probable, that 


hot countries, which are moſt ſubject to Jightging and 
other electrical 9 and are * e m 
They are attended by no fire, —— or dal anch 
bowever could ſcarcely fail to appear if they were occa- | 
ſioned l a ſubterrancou * They are uſually'accom- 
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der-ftorms. | Gone eee eee 
— iu an efedt of EleAricity. The ef- 
fect of an exploſion” of ſubterraneous fire would be a 
gradual lifting of che earth. The extenſive influence of 
che electrio fluid indicates, ſays Mr. Cavallo, “ that Elec- 
gr een PEE Ni otra 
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en ate un eee d thocks 
which it gave to the human body, naturally induced an 
opinion, that it was poſſeſſed of the greateſt efficacy in 
removing diſorders of almoſt every kind. Many how- 
ever of the effects, which have been aſcribed to it, as an 
increaſed perſpiration, or pulſation, ſhould have been at- 
tributed to the apprehenſions of the patients. This ex- 
treme admiration of the medical virtue of Eleficity 
was naturally ſucceeded by an oppoſite perſuaſion; and 
the practical application of it was totally diſregarded. 
At preſent however it is conſidered, ſays Mr. Cavallo, 
as * an harmleſs remedy, which ſometimes inſtantane- 
often perfectly eures various diſorders, ſome of which 
n a or 
Nr e 1 5 


Sete late difebrerith concerning muſcular motion have 
1m vob yard this power, as the 
X * | immediate 
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immediate inſtrument by which it is performed. Dr. 
Galvani of Bologna firſt announced theſe diſcoveries to 
the world in the year 1791. He diſcovered firſt, that 
a frog dead and ſkinned is capable of having its muſcles 
brought into action by means of. artificial or atmoſpheri- 


cal Electricity: and ſecondly, that, independently of any 


artificial or natural Electricity, the ſame motions may be 
produced in the dead animal, or even in a detached limb, 
by merely making a communication between the nerves 
and the muſcles, with ſubſtances that are conductors of 
Electricity. This latter property, which is the principal 
diſcovery, being manifeſted by the ſame ſubſtances which 
conduct Electricity, has been denominated Animal Elec- 
tricity. | In the proſecution of theſe diſcoveries a num- 
ber of the moſt cruel experiments on animals have been 
performed, which no mere wantoneſs of curioſity could 
juſtify. On account of their importance in the advance. 
ment of uſeful knowledge it was neceſſary that they ſhould 
have been made ; but, their truth having been fully eſtab- 
liſhed, it is deſirable that they ſhould never be repeated. 
This property is not peculiar to a few animals only, but 
ſeems to be a property of all animals in general; a law 
of nature, which admits of few exceptions, and thoſe 
of a very doubtful nature. The experiments have alrea- 


dy. been tried with a great variety of terreſtrial, aerial, 


and aquatic animals; and the recently amputated limbs of 


an human body have been convulſed by the application of 


metals. The animals, which, form an exception from 
this law, are ſeveral worms, Tome other inſeQs, the oyſ- 
ter, and a few ſmall marine animals. But, ſince the or- 
bee i anithals ſcems not to be poſſeſſed of 
. p much 
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much ſenſibility, nor admits of much motion, it may be 


preſumed that the effects of the metallic application are 


only too weak to be perceived by our ſenſes. Even the 
living hüman body can be rendered: ſenſible of the acti- 
on of matallic applications, and both the ſenſes of taſte 
and, fight may be excited by, it. If à piece of metal be 
Aaid upon the tongue, and a piece of ſome; other metal 
not differing much from that produced by artiſioial Elec- 
tricity. The metals which are beſt adapted to this expe- 
riment, are ſilver and zine, or gold and zinc. To affect 
che upper lip and the gums, as high up as poſſible, and 
2 piece of ſilver upon the tongue; or let a piece of ſil- 
ver be put high up in one of the noſtrils, and a piece of 
gold or zinc in contact with the upper part of the tongue; 


and, if the metals be brought together, a faint flaſh of 


White light will appear before the eyes. But, notwith- 


ſtanding the ſeveral circumſtances in which thefe phæno- 


mena reſemble thoſe of artificial Electricity, Mr. Cavallo 
- till doubts whether we are yet warranted in conſidering 
them as eſſentially of the ſame kind. He doubts whe- 
ther the indications of attraction and repulfion, which 
| have been ſaid to be diſcovered, ſhould not rather be at- 
tributed to other cauſes; and alſo, whether the very 
ſmall quantity of the electric fluid, which could be ſup- 
plied by the contact of metals of different kinds, is ade- 
quate to the production of the muſcular movements. The 
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"Before what difcorerits had Fa ky the ani 
Animal Electricity had been given to the analogous po 
er of three fiſhes; namely, th torpedo, the gymnotus 


dlectricus, and the ſilurus electrieus· Whenever a cbm- 


ductors of Electricity, between one part and another or 


any of thoſe fiſties, and a man or other animal is placed 


in the circuit which forms the communication, a ſhock 
ſimilar to that produced by Electricity is perceived. The 
gymnotus alone affords a luminous ſpark, which is feen 
when a very ſmall interruption is made in the circuit of 


given to theſe animals as the means 1 _ 
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The eee So cal uſed for txkidliing 
the effets of Electricity, befides the Electrical Machine 


"I 


already deſcribed, en Eleftric Jar, the Biege. 
bells e e r ber Odoob THR © 


33 dun bei honed with ane e 
ſubſtance, as tin-foil, on both fides, but ſo that the coat. 
ings ſhall not come very near the edge of the glaſsy'and 
one of theſe coatings be put into either ſtate of Electri- 
nnn, YE 
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munieate the cleQric ſhock, ſce Nicholſon's Journal of Nat. Phil. & c. 
| for Nov, 1797. 
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coating, Ann eomninalintng wide the earth, or with 4 
ſufficient quantity of conducting bodies, will be put into 
the oppoſite ſtate of Electricity. The glaſs is then ſaid to 


be charged. This will equally happen, if che glaſs bes 


not in the form of à plate, but in any other ſhape whats 
ſveyer, provided that it be ſuſficiently thin; it being not 
che form, but the thickneſs of the glaſs, that makes it 
more or leſs ſit to be charged. The thinner the glaſs is, 
the greater is the charge which it ĩs capable of receiving 


unleſs it be fo thin, that the fluid ſhall force a paſſage 


thtongh the glaſs. The glaſs is accordingly uſed in che 
form of a jar or phial having à rod communicating with 
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the outſide coating; ajid, if the dam body be a — of 
the circuit, a difagreeable ſenſation is experienced. The 
coating is uſed for the purpoſe of removing the difficulty 
vf charging an electric plate. By its conducting nature 
the electric fluid is! readily communicated to, or with-- 
drawn from all the ſurface which it covers. The coatings 
muſt nut dome very near tlie: edge of the glaſa, left the 


| He&rieity ſhould'paſs from the one fide to the other z in 
which exſe'the glaſs could not be charged: An inſtru- 
ment thus conftfucted is ſometimes called the Leyden phi- | 
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er ol the fluid operating through the glaſs. In conſe- 

quence of this force, when an accumulation of the fluid 
takes place on the one fide, an equal quantity is repelled ; 
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from the other z and when a portion is withdrawn from the 
one, the diminution of the reſiſtance will permit a correſs 
ponding accumulation on the other, and will require to 
be ſupported by its increaſed repulſive power. Theſe cf- 
fects however cannot be produced, if the jar be inſulat 
ed; and therefore an inſulated jar cannot be charged: 
For ſimilar reaſons neither can it be diſcharged. "The in- 
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charge of an electric jar, the velocity of the electric fluid; 


| but its paſſage has not been obſerved to occupy any per- 


ceivable time, „ the circuit of mne was 


neee eted n ef in fuch 
a manner, that their whole force may be united, and act 


wo e e Jars conliityte man. | 
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© Dr. Prieſtley's Hiſtory of EleQricity, part ora gy 
It may however be doubted, as Dr. Prieſtley has remarked, v 

the ſame portion of the cledtric fluid traverſed this ſpace, and whether 

the ſhock was not rather communicated by x ſucceſſive "propulſion of 
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- 2 meaſure of the Electricity by which it is cauſed. The 
| lips of gold-leaf, which form the moſt ſenſible electro- 
meter, are incloſed in a glaſs veſſel, that they may not 
be affected by any agitation of the air; and the Electri- 
city is oommunicated through the cover of the veſſel. 
The ſame kind of Electricity being communicated to 
both parts of the electrometer, a divergence muſt enſuo 
agreeably to the ſecond law of Electricity. For aſcer- 
taining the quality of Electricity, an electrometer is elec- 
trified either poſitively or negatively, by communication 
'with the cylinder or rubber of an electrical machine, and 
then preſented to another, which has acquired the Elec- 
tricity of the cleQrified body; for the Electricity of the 
body muſt be the ſame with that of the former, if the 
electrometers repel e RNA I 
pr. ON 0 


One aeled is eee ee mk 
the want of a ſtandard of original adjuſtment,, by means 
of which all ſuch inſtruments _ Os EOS - 
W e e 


rendering ſenſible a portion of Electricity, which had 
been too much diffuſed to produce any perceivable effect. 
It conſiſts of a plate of braſs furniſhed with a glaſs han- 
dle. The weak, and otherwiſe unobſervable, Electrici- 
ty is communicated to this plate, whilſt ſtanding on an 
imperfectly conduting plane, as dry marble or very dry 
1 * e is raiſ 
Z's ed 
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ed from this ſurface, the Eleftricity conmuniqwed! tn l 

will be found poſſeſſed of a degree of intenbty ſufkoient | 
o render it ſenſible by its effects. The operation of this 
inſtrument is explained by obſerving, that the capacity 
of a conductor for containing the electrie fluid is in- 
creaſed, when it is preſented near another conductor 
not inſulated. The increaſe of capacity will be evident, 
if an electrometer be annexed to, the former z for the 
divergence will be diminiſhed when it is brought near the 
latter, and reſtored when it is removed, excepting ſo much 
as may correſpond to the Electrieity imparted to the air 
during the experiment. The plate of braſs will therefore 
receive a greater quantity of the fluid, whilſt it ſtands up- 
on the imperfectiy conducting ſurface ; and will conſe- 


| RIS Ce ee eee, yu 
_ raiſed from that ſurface. 


Ce tte bo the effect of a 
condenſation of the fluid belonging: to theplate,. occa- 
fioned by, the vicinity of the imperfectly conducting 
ſurface. If the Electricity of the plate be poſitive, it 
will be accumulated at the contiguous ſurface of the 
plate, and an opportunity will be afforded for the in- 
troduction of another portion; and if it be negative, it 
will be repelled to the oppoſite ſurface, and from it thus 
accumulated another portion may be withdrawn. The 
ſurface, to which the plate is applied, muſt not be a 

good conductor, leſt, on account of its contiguity, it 
_ ſhould deſtroy the Electricity of the plate z nor muſt it 
be a non- conductor, becauſe in this caſe its electric fluid 
could not underga theſe changes, which aro necefiry to 
8 | 
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1 eee of a complicated conſtruQion 
ans been contrived for rendering ſenſible quantities of 
Electricity ſtill ſmaller than thoſe which may be diſ- 
covered by the ce „By theſe inſtruments it is 
made evident, that is (erect any friftion, ALT Ep” 
poration, eee ee which does not excite Elec- | 


tricity; and conſequently, that there is a continual mo- 
tion of the electric fluid throughout the works a 
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OF MAGNETISM. ' 
Tur word Magnerifm has been ſuppoſed to be devi- 
ved from the name of a ſhepherd, who is ſaid to have firſt 


diſcovered the magnet, or load- ſtone, on mount Ida. The 


natural magnet is an ore of iron, and contains a greater 
quantity of iron than moſt other iron ores. An artifici- 


al magnet is a portion of ſome ferruginous fubſtance, to 


which the magnetic properties have been communicated. 
Every magnet, whether natural or artificial, is poſſeſſed. 
of che five following properties: ri the power of at- 
tracting ferruginous ſubſtances; 21y- polarity; 3). the 
power of attracting and repelling any other magnet; 
eee eee eee eee eee 
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terbalance exactly the fame weight, though a plate of 


wo 5 ; F 
mn a ww. 4 at 2 : 
* * > N * -» * n 1. 6 4 
- 5 > 4 * " 2 . % Z 6 q 
* p * . ky 4 » \ 
. A « .: * 
* . . . 4 1 
20 : 


. & mage get atrracts a F piece: of ſoft iron move foreibiy 
han any ocker fervigitous body of che like ſhupe-and 


weight.” The are ion is ſtrongeſe near the furface ß 
che magnet, ant dmiiſhes as the diſtance is increaſed'y 
| war — the ditninution: has yover been denne. 


i} ue e eee 
Ty varying. It Ras been obſerved, "that amongſt the na- 
_ fural magnets tlie finaller generally poſſeſs a greater ate 
tractive power than in the proportion of their muguitades, 


Neither the attraction nor the repulfion of Magnetifi is 
ſenfibly affecred by the interpoſition of any hodies except 


thoſe of a ferruginous nature. Thus if, When 4 mag- 


net is Placed at the diſtance of an inch from a piece of 
iron, the attraction be able to counterbalance the weight 
of an vince, the attraction wilt fill be found 10 coun- 


other metal, or glaſs, or any body not ferruginous, be in- 


terpoſed between them ; or though they be'incloſed in ſe- 


parate boxes. Neither the abſence nor preſence of air has 


any effect upon it. It muſt however be obſerved; hat Mr. = 


Cavallo has, by fome new experiments, d&ſcoyered that 
braſs, by hammering, is rendered magnetic, independents | 


| Iy of any particles of iron which it might be ſuppoſed 


to contain. To proye chat this was not cauſed by i 
ticles of iron, he incloſed à portion of 'trocus” 


| which is a cafx'of iron, ins piece of BW NC 


hammering hal not communicated Magnetiſm; and he 


found that neither did- it acquire this power from ham- | 


mering after that the calx had been inſerted. Hence 
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he concluded, that the magnetic power ; communicated 
by hammering to other pieces, was not derived from any 
efficacy of the hammering in reducing any particles of iron 
to a metallic ſtate. This concluſion he confirmed by obſer 
ving, that the ſame piece of braſs, having been made red- 
hot, diſcovered when cooled a magnetic power only in that 
part in which the calx of iron was contained. If there - 
fore the Magnetiſm of braſs were derived from any fer- 
ruginous matter contained in it, the action of fire ſhould 
render it magnetic, contrary to experience. Platina he 

alſo obſerved to acquire Magnetiſm, like braſs, from ham- he 
mering, and to, be in the ſame manner deprived of it- by 
heat.“ It is indeed true, that moſt. bodies, either natu- 
rally or by being ſubjected to the action of fire, may be 
rendered in ſome meaſure capable of, being attracted by 
the magnet ( ſo general,” ſays Mr. Cavallo, „ is the 
diſperſion of iron, qr ſuch. is As 
wn have towards the; eee | 


is 6 e 
8 

eee ee e to b be at liberty | 
to move itſelf eaſily, it turns one, and conſtantly, the 
ſame, part of its ſurface towards the north pole of the 
earth, or towards a point not much. diſtant from it; and 
conſequently the oppoſite part of its ſurface towards the 
ſouth pole of the earth, or towards a point not much 
diſtant from it. Theſe parts on the ſurface of a magnet 
are therefore called. its Poles, the former. being denomi- 
nated its North Foley and ſs, latter its South Pole. The 
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1 — diſcovered a very ſingular inſtance of magnetic 


polarity i in a mountain of Serpentine i in Germany. | 3 $ 1 
nal of Nat. Phil. &c. for 2 1797. | | 
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perpendicular to the horizon, and paſſing through the, 
may of a magnet when ſtanding in cheir natural direc» 


„ is called the Magnetic Meridian: and the angle 


— andthe plnoofithe 
ridian of the place where the magnet ſtande, is 
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ne before the thirteenth century, is the property 


which renders it moſt intereſting to mankind. By it 
they art! enabled to guide themſelves where no diſtinguiſnu - 
able marks would otherwiſe acquaint them with their true 
courſe. Mariners out of fight of land, travellers in a de- | 


ſert, and miners beneath the ſurface- of the earth, can 


all determine, by the aſſiſtance of this property, how. they, 


may proceed in any propoſed direction. This however 
muſt be received with ſome limitation. The poles of the 
magnet are feldoan obſerved to point exactly to thoſe 
of the earth, and generally decline a few. degrees to the 
eaſtward or weſtward. This declination, which is alſo 


called the Variation, is different in different places, and is 
continually. changing in the ſame place. It has not et 
been diſeovered that it is ſubject to any law, or comprized | 


within any determined period. When the variation was 
diſcovered by Columbus in his firſt voyage u Amerien in 


year 1492, it was eaſterly at London; in the year 1657 


there was at London no variation ; and it is now about 22 
degrees weſterly. It has been propoſed, to obſerve the vas 
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| pvopantji itſelf Acid the ai Ding Bop, 75 
or Magnetic Polarity z and when a magnetic body places : 4 : 
itſelf in that direction, it is ſaid to Traverſe.) A plane 
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theſe iſhed — * deſtitute ef the — 
neeeſſary for this inveſtigation. Captain Vancouver, in 
the aecoumt of his late voyage round the world, has given 
an inſtance of the great uncertainty of this matter. He 
bas remarked, that, if he had depended upon this me- 
thod of finding the 1 3 
tually diſcovered of Gp — 10. The 
eee aer RA on eee he * ec with 
— very -coredh;-thep iſſeted- frnak one to 
by different compaſſes placed in different ſituations otr 
board, and the ſhip on different tacks, but by the ſame: 
compaſs in the ſame ſituation, made at moderate inter- 
vals of time, the difference in the reſults of ſuch obſrr- 
vations at rode „ 
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There i , eee eee ee a, 
a daily variation, which is evidently iriſtuenerd by heat 
at London between the years 1756 and 2760 during 603 
days, and on 5374 of them found it regular 3 that is, he 
found that che weſterly variation was inereafing from 
about eight or nine o clock in the morning till about one op | 
two in the afternoon; when it became ſtationary for ſome 


| 7 3 4 


time; A i EE 
7. We Wits vi . Me e e wee 
+ $9300 93 ee; 1. p 13. 
n + Phil Trans. vol. 51. part 1. 

mer 


N. * f Magnetiſm... 


mer ſituation, or near is ib, in the nicht, or n 
2 ban eee eee 


LET 64 
e 1 * 1 1 
9 14 * a 1 . 


25 or — e 


ide magnet is heating, and. increaſes whillt it is cooling. 
The magnetic parts of the earth ane 
eaſtern and aneſtern ſides of he ma | ; 
1y-attra®ti the. north end. of ie magnede needle. When. 
therefore the eaſtern magnetic parts are heated faſter by 
the dun in the morning, che ,attraQion, ef the; weſtemn 
parts muſt prevail. When, che attracting parts of the 
earth on each fide. of the magnetic meridian have their 
hoat increaſed equally, the needle will be fiat 
when the - weſtern magnetic en eee 
4%, ot caoling morg. ſlowly, chan the caſtern, the needle 
will move eaſtward. And when the eaſtern and weſtern 
Parts are equally coaled, the needle will again be ſtati - 


e The irregularity of the diurnal variation Mr. 


anten aſcribed to fubterrancan heat, generated without 


any ,pexiedical regularity. . The aurora borealis, which 
was-ebferved at the ſame time, he ſuppoſed to be the 


TLlechteity of dhe heated /2ir above che earth; and tb, 


he remarked, would appear chiefly, in the northern regi- 
onz, as the alteration in the heat of the air would 
be greateſt. Conformably to this ſolution, he na 
dhe mean diurnal variation for each month was gr. 
| in June, and-leaſt in December. In che former a ane 
it Was 13's. 24" mw im the he 58" D 1.30 Pt 
nu ee er <462 r C 
r r If the north gold Wt Cages preſented | 
the ſouth pole of another, they will be attracted towar 
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| each other; but if two ſimilar poles be preſented to esch 


other, a repulſion will take place. There are ſome' * 


' "Parent exceptions from this law. It often happens, that 


magnets attract each other when poles of the fame kind 
are preſented to each other; and ſometimes neither at- 
traction nor repulſion is obſerved.” They may however 
be reconciled with the general property. It will be ſhewn, 
in treating of the "5th property of magnets, that when 
2 piece of any ferruginous ſubſtance is brought within =. 
certain diſtance of a magnet, it become itſelf a magnet, 

and that part of it, which is neareſt to the magne 
acquires a contrary polarity. If therefore one of 'the 
two magnets be more powerful than the other, it may 
change che pole of that magnet, in the ſame manner in 
which it gives Magnetiſm to any other ferruginous ſub- 
ſtances expoſed to its influence, and then an attra&ion 
will take place apparently between poles of the ſame 
kind, though really between poles of different kinds. 
If the one magnet be gradually brought near to the other, 


chere muſt be a certain point at which the repulſion ceaſ- 


es and the attraction begins, and conſequently at which 


neither can take place. A magnet is often obſerved to 
have more than two poles. Their number, nature, and 
tuation are aſcertained by preſenting the various parts 
Pn the ſurface to one of the poles of another magnet 
freely ſuſpended z/ for thoſe parts of the magnet, which 
: repel that pole, have the ſame polarity, and thoſe which 


attract it, have a different polarity. The attractive and 
repulſive power is not confined to the poles of a magnet, 
but it is dagegen in * points, x , s in = Jos middle points 
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1 if «finals abdany magnet be ſuſpended wit in 
ache bunch, chic” it may be in an horizontal poſition 
when not diſturbed by another magnet, and be brought 


135 jult over che middle of a larger magnet whoſe poles are 


in a line parallel to the horizon 5 it will direct its ſouth 
pole towards the north pole of the other, and its north 
pole towards the ſouth pole of the other, but will con- 
tinue in an horizontal poſition, If the ſmall magnet be 
moved 'a little towards either pole of the larger mag- 
net, its nearer pole will be inclined downwards; and 
 Covaller magnet approaches to the pole of the larger. If 
the ſmall magnet be brought to that pole, it will place it- 
Celf in the ſame right line with the axis; or right line join- 
| ing the poles, of the larger magnet. For applying theſe 
obſervations to the general property of magnetic bodies, it 
is only nectfary to conceive that. the earth itſelf is the 
larger magnet. Thence it will follow, that a magnetic 
body ſhould have no inclination in regard to the horizon 
in thoſe parts of the earth which are equidiſtant from the 
magnetie poles of the earth; that its inclination ſhould 
increaſe as it approaches either of theſe poles ; and that 
at either pole it ſhould place itfelf in a vertical poſition. 
That the earth may be conſidered as a large magnet, is 
proved from the two following conſiderations : 1. almoft 
all the magnetic phænomena may be exhibited with the 
, as far 48 e een and iy. vaſt maſſes of 
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ferruginous matter actually magnetic are 9 
nn the earth. 


Mr. Cavallo has remarked, that che only. magnetic 
phainomenon, which has not been obſerved to belong to 
the carth, is the attraction of ſerruginous ſubſtances. If 
a piece of iron be preſented to either of the poles of a 
common magnet, it will be powerfully attracted; but if 
it be preſented to the parts equidiſtant from the poles, 
the attraction will be conſiderably weaker; It might ac- 
cordingly be expected; that the weights of the ſame piece 
of iron at the equator and near either pole ſhould be ſen- 
Gbly different, ſince the increaſed attraction of Magne- 
tiſm would near the pole cooperate more powerfully witk 
the general attraction of Gravitation. Such a difference 
has not been obſerved. ; Mr. Cavallo however contends, 
that we ſhould not therefore infer, that the earth does 
not exert any magnetie attraction towards the iron on ita 
ſurface, and that this attraction is not ſtronger near the 
poles than near the equator ; becauſe, the Magnetiſm of 
the earth being very weak, the difference of attraction 
in different places muſt be likewiſe. very ſmall, though 
the directive power, which extends to a greater diſtance 
than the, former, is conſiderably ſtrong, It muſt howe- | 
ver be remarked, that the weight of the iron, indepen-' 
dently of magnetic attraction, ſhould be greater near the 
pole, agreeably. to the third law of n n | 
in Page 76. | 4 

The dans Jipping 55 3 not Cut | 
found more Capable of being reduced to rule than its va- 


ciation. 


gf When any ferruginous body is OT to mag- 
net, within a proper diſtance from one of its poles, it 
becomes inſtantly magnetic, the part of it, which is near- 
eſt to the magnet, acquiring the contrary polarity. This 
acquired Magnetiſm is ſtronger according as the body 
approaches to the ſtate of ſoft iron; but its permanency 
obſerves the oppoſite rule. 


o/ Magnetiſm.” 


It is continually changing in the fame plac 


The hardeſt ſteel retains it 


151 
5 
and its changes in different places are very une qual; ſo 
that it can only be aſcertained by actual experiment. The 
mn London in op 1 1775 was 72%, 3% 4 


12 


for many years with little or no diminution ; whereas ve 


ſoft iron loſes it intirely the moment in which it it is re- | 
oye from the oo of the en eee 


1 may apparently be communicated without 
the aid of a natural magnet; but in this caſe the mag- 
netic power is communicated" from the earth, which 
muſt be conſidered as a magnet. 
fally true, that no Magnetiſm i is Nr en except by 
how: n of a e | 


* 


9 4 


It is therefore univer- 


To communicate Magnetifm directly from the earth, 


let a ſtraight bar of ſoft iron be placed in a vertical poſiti- 
on, or rather in the angle of magnetic inclination, and it 
will become magnetic, the lower extremity being a north 
pole, and the upper a fouth pole. In the ſouthern parts 
of the earth the lower extremity would become a ſouth 
A bar four or five feet long and more than an inch' 


pole. 


thick, will in this poſition be capable of attracting a ſmall 
| a. 


f 


2 2 


* 
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bit of iron, or a common ſewing needle. If the bar be 
placed in a direction perpendicular to that of the magne- 


tic inclination, it will not acquire Magnetiſm; becauſe 


in ſuch a. ſituation the actions of both magnetic. poles 
of the earth upon the extremities of the bar are equal. 
If the bar be placed in any intermediate poſition, wy 
acquire a greater or leſs degree of magnetic Fower; ac- 
cording as it approaches to either of the preceding fituae 
tions. A bar of hard ſteel, or of hard iron, will nqt ac; 
quire any Magnetiſm from the earth, becauſe the. mag» 


netic power of the earth is not ſufficientiy ſtrong. _ 


Tue following laws have ham 1 5 T 


the communication. of the magnetic power. 1ff. A mag: 
net, by communicating Magnetiſm to other, ſubſtances, 
not only loſes nothing of its power, but is rather im- 
proved. 2. A magnet can neyer communicate a greater 


power than itſelf poſſeſſes, or even an equal degree of 


it; but ſeveral magnets, of nearly an equal degree of 
Magnetiſm, can communicate conjointly a tronger pow» 
er than one of them ſingly. 3. The communicated 
Magnetiſm i is ſtrongeſt, when the ferruginous body. is 
applied in contact with the magnet. 4%. For commu- 
nicating to any body the greateſt degree of Magnetiſm, 
of which it is capable, it muſt be expoſed to the influ - 
ence of the magnet for a conſiderable, time; and. this 
time is greater according as the body. i is harder. Sy. The 
communicated Magnetiſm, other circumſtances. being, 
fimilar, is more permanent according as the body is hard- 
er; and alſo, within certain limits, according as the 
body. i bs moe. oblong. | The 


Tue woltadramageons Tipe bs we obſerved c tha, in 
which 
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The communication of Magnetiſm. i is. facilitated- by 
heating, drilling, filing, hammering, and by the electrio 
ſtroke. It is facilitated by heating, becauſe the iron is 


thereby rendered ſofter. The other proceſſes ſeem to fa- 


—_— 


cilitate it by exciting heat and a vibratory motion of 
the parts of metal. If a powerful magnet be ſtruck by 
the electric ſhock, its power will be diminiſhed; and 
it may in general be obſerved, that the ſame means, 
which facilitate the communication of Magnetiſm, when 
pieces of iron are properly ſituated in regard: to the poles 
of the earth, do eee en e e 
e eee n. 85 
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netiſm is the following, in which two bars: already:ren- 


dered magnetic are employed. Let the bar, to which 
Magnetiſm is to be communicated, be AB (plate 4. fig. 
2.) and let the marked extremity A be that which is re- 


quired to become the north pole. Place the two magne- 


tic bars CD, EF perpendicularly, upon! AB, and at ſmalb 


and equal diſtances from its; middle point; ſo that the 
bar CD, which is nearex to A. may have its ſouth pole! 
in conta& with 4B; and tho other EF may have its 


marked extremity, or north pole, in contack with it. 


Then let. the two magnetic bars be ſlided alternately; to- 
wards A and B, being ſtopped. when CH arrives at 4, 
or EF at B; and when: the magnetic bars are to be re- 
moved, let them be previouſſy brought to the middle point 


of A. nnn bars are W 


. tems great hn te bred, and weary 
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bar 4B is of very good ſteel, and not very large, * 
en of ſtrokes ar fully lagen, | 


When the 3 AB is large, and it is required to give 
it the greateſt poſſible power, the effect of the magnetic 
bars may be improved by the following expedients. 
10. Let the magnetic bars be joined at their upper ex- 
tremities, a piece of ſome ſubſtance, not ferraginous be- 
ing interpoſed between them, as in plate 4. fig. 3- By 
this contrivance the upper poles of theſe bars will ftrength- 
en each other and conſequently their lower poles will 
alſo be ſtrengthened. 21y- Let the bar AB be placed be- 
tween two bars of ſoft iron, or two other magnets, as in 
the figure. If two magnets be uſed for this purpoſe, the 
poles. adjacent to the bar AB ſnhould be the contrary 
poles to thoſe, which it is deſigned to ann to 
chat ou 


The Wed a magnet, whether aunt u ene 
may be conſiderably increaſed by a gradual augmentation 
of a quantity of iron ſuſpended by it. This is explained 
by obſerving, that che iron, being rendered magnetic, 
ſtrengthens the Magnetiſm of the magnet. When the 
iron falls from the magnet, the latter will loſe a part of 
its acquired power, which muſt be reſtored gradually as 
before. A magnet for the ſame reaſon, if no iron be af. 
hxed to = will ol] much of its eee 


eee eee eee 
is deſcribed in Mr, Njcholſon's * * 
1798 | 


A natural 


e e, 55 


A natural magnet is commonly incloſed in an appara- 
tus, Which is called its Armature. This conſiſts of two 
plates of ſoft iron, applied to thoſe ſurfaces' in which che 
poles are fituated, and projecting a little on one fide z as 
in plate 4. fig. 4. Thoſe projecting parts are made 
much narrower than the plates. The armature is ſecured 
by a box' of ſome other metal, as braſs. The advantage 
of it is, that the poles are thereby brought to act in the 
ſame plane, ſo that a bar of iron may be affected by both 
at the ſame time. It however rather ſtrengthens the 
power of the magnet, for the ſame reaſon for which 
any piece of iron, applied to a magnet, tends to render 
it more powerful. What has been faid of natural, is 
alſo applicable to artificial magnets. Many magnetic 
bars may be joined together and armed, ſo as to form 
Wy ee _ wh | 
The invention of 'the Mariners Copen is the great i 

benefit derived from our knowledge of Magnetiſm.” A 
ſlender magnetic bar, or needle, is ſupported” ſo that it 
may move freely, and balanced ſo that it may, notwith- 5 
ſtanding the magnetic inclination, continue horizontal. To 
the needle is attached a card, on which is a circle con- 
centric to che point of ſuſpenſion, whoſe circumference 
is equally divided in 32 points, called the Points of 
the Compaſs, or Rhumbs. The box containing the card 
and needle. is made of à circular form, and either of 
wood or braſs. It is ſuſpended within a ſquare wood- 
en box, 55 means of two ee rings, called Him- 


. For a deſcription wm fuch a magnet, fee | Nicholſoa' Journal, 
ihid. 


bals, - 
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keis do bed by ranfrerſs points cf {ulpontions/ thapehe 
inner one, or compaſs-box, ſhall * as much as poſſible 
The compaſs-box is covered with a pane of glaſs, that 
the motion of the card may not be diſturbed by the wind. 
The ſuſpenſion of the needle is beſt performed by in- 
ſerting a piece of agate into it, and making in the ſtone 
2 conical cavity, which may reſt on FO UE IG 
r aga | 


a ſtill more free ſuſpenſion is neceſſary. Mr. Cavallo for 
this purpoſe ſuſpended the needle by a chain conſiſting of 
five or ſix links of horſe-hair. He ſome times placed the 
needle floating on quickſilver; but this method, though 
very ſenſible is inconvenient. The quickſilver, in a ſhort 
time after that it has been poured out, contracts a cruſt 
-which impedes the motion of the needle, and which can 
only be removed by pouring the . chrough a 
Lender funnel of . ob. 


| 185 fn reſpects chere is a remarkable correſpon- 
dence between the powers of Electricity and Magnetiſm, 
whilſt in others there is as remarkable a diſagreement. 
| uſt. There are two oppoſite ſtates of Electricity; and 
bodies in ſimilar ſtates repel each other, whereas an at- 
traction takes place between thoſe which are in oppoſite 
ſtates. In the like manner there are in Magnetiſm two 


* For ſome obſervatious on this ſubject, ſee Nickolſon's Journal for 
December 1797. "as" * 


contrary 


Of: hw, 1 , 17) 


contrary HT and thoſe parts of bodies which. are 
poſſeſſed of the ſame polarity repel each other, but an 
attraction takes place between thoſe of Uerentt polari- 
ties. 20. One ſort of Electricity is accompanied by the 
other. - Thus, if a plate of glaſs be electriſied poſitively 
on the one ſurface, it muſt have the contrary Electricity 
on the other. In the ſame manner the one magnetic po- 
larity accompanies the other; for no body is obſerved to 
be poſſeſſed of one alone. 3j. The electric power may 
be retained by certain bodies, called electrics; but eaſily 
pervades other ſubſtances called conductors. The mag - 
netic power alſo. is retained by ferruginous ſubſtances, 
.eſpecially thoſe of an hard nature: but it pervades, with- 
"out the leaſt perceivable impediment, all other ſubſtances. 

On the contrary the following differences are obſervable 
between Electricity and Magnetiſm. - 1ſt. The magnetic 
power does not like the electric, affect our ſenſes with 
any light, ſmell, taſte, or noiſe. Aly. The electric pow- 
er attracts bodies of every ſort, and not merely thoſe of 
a ferruginous nature. 3. The electrie power appears 
to reſide at the ſurface of electrified bodies, but the mag- 
netic to be internal. 4%. A magnet does not, like an 

electrified body, loſe any part of its own power by com- 
municating it to other bodies. 5ly. The propagation of 
the electric power is inſtantaneous : but that of the mag- 
netic power requires ſome ſenſible time. Thus, if a 
. ſhort piece of iron of about 40 or 50 lbs. weight be placed 
near one of the poles of a magnetic needle, ſo as to 
draw it a little out of its natural direction; and one pole 
of a * hong . be applied to the farther end of the 
; Ds If | iron; 


| 
1 
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| iron; ſome ſeconds will ay before ants ay wn 
| AG by 1 it. 
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© Various I have been riſe fr + cnt 3 
the phænomena of Magnetiſm, but they are all attended 
by conſiderable difficulties.” The analogy fubfiſting be- 


| tween Electricity and Magnetiſm induced Mpinus to 
imagine a magnetie fluid ſimilar to that ſuppoſed in the 
theory of poſitive and negative Ele&ricity.  Agreeably | 


to this hypotheſis iron, and all ferruginous ſubſtances, 
contain a quantity of magnetic fluid, which is equally 
diſperſed through their ſubſtance, when thoſe bodies are 


not magnetic: but when the magnetic fluid is driven to 


one end, the body becomes magnetic, one extremity of 
it being now overcharged with magnetic fluid, and the 


other undercharged. The attractions and repulfions of 
Magnetiſm may accordingly be explained in ay 288 
\ manner as thofe of er en een 


Our beste of Magnetiſm has not yet afforded a 


| theory which could enable us to aſcertain the variation of 


the needle for any propoſed place or time. To explain 


in general the cauſe of the variation, and of its conti- 
nual changes, Dr. Halley ſuppoſed that the earth conſiſts 
of two diſtinct parts, an external ſhell, and an internal 
nucleus or globe ſeparated from the ſurrounding ſhell, 
but having the ſame center of Gravity. Each of theſe 
parts he regarded as a magnet endued with two poles z 
and conceived that the diurnal motion of the earth had 

g been impreſſed from without, and that the velocity of the 


nucleus muſt conſequently ſeem to revolve ſlowly to the 
weſtward, 
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welkward, _ its-poles to revolve in leſſer cireles round —_— 
the poles of, che intire body of the earth; and that ag R 
the relative poſition « of the four magnetical poles. and the 
pales of the earth is changed, fo muſt the direction of 
the ; needle - be altered. Mr. Cavallo however appears to 5 
have given a more ſatisfactory ſolution. He obſerves 
2 the, attraction ſubſiting between magnetic bodies 
is fabj <> to, variations occaſioned by ſeveral . cauſes: | 
that ts increaſed by cooling, by the reduQtion of the 
calx of; iron to its metallic ſtate, and by the action of 
acids upon iron; and that it is diminiſhed by. heat, 
and. the, decompoſition, of i iron, He remarks alſo. that : 
the earth contains almoſt every where ſerruginous bo- 
dies, and that conſiderable alterations in the ſtate of „ 
theſe. bodies muſt continually take place, by irregular __ 
£ ing or cooling, dy. volcanos, earthquakes, and the - 
chemical action of the internal parts of the earth, The 
magnetic needle muſt neceſſarily be affected by eie 
changes, becauſe its direction muſt de conũdered as de- 
termined by che combined en of, al the Nee bo. 
dies contained in the earth. | e e 
09 Footor ot ννν,ꝗ! 
55 Many, haue believed, that, gp Sri is a penn: of 2 
| magnetic fluid through the . poles, of 2 magnet. This 
opinion has been occaſioned. by ober ing the regular 
arrangement of filings « of iron attracted by a magnet. 
Thus, if ſome filings of j iron be ſtrewed upon a ſheet of 
paper laid on a table, and a fo al artificial magnet be 5 


1 TETST. 


as to move. | the filings, they will diſpoſe themſelves — 
dhe magnetic bar in regular arches reaching from the one 
A 2 2 | pole 


180 Elements e Natural nn 


was perry to indicate the att of che magnetic 
fluid; but the true cauſe is that each particle” of the 
filings becomes actually a magnet, and according to che 
4 property of magnetic bodies, will, when at liberty 
to obey. the magnetic power, diſpoſe” itlelf in a recti 
on correſponding to its ſituation in regard to the 
of the larger magnet, or to the adjacent particles. Thoſe 
particles therefore, which are contiguous” to the poles" of 
the larger magnet, will ſtand vertically; theſe being ren- 
dered magnetic, will attract other particles; and fo ſeries 
of ſmall magnets will be formed, decreaſing in power 
as they recede from the larger magnet. As each of 
thoſe particles has two magnetic poles, the farther ex- 
tremities of thoſe, which form the ſeries proceeding from 
| the north pole of the large magnet, Will have the north 
polarity ; and the farther extremities of thoſe proceeding 
from the ſouth pole will have the ſouth polarity.” Hence, 
when theſe ſeries meet, chey attract each other, and the 
arches are conſequently completed. danvy; une v N 04% 
$8142 niet gan dib 
The magnetic power has been ſuppoſed to vote con- 
ſiderable virtue in removing the diſeaſes of the hüman 
body, but the impoſture was detected by a committee 
conſiſting partly of Phyficians and partly of Academiti- 
ans, over whom Dr. Franklin preſided. Their conclu- 
fion was, that it was' not intirely uſeleſs even to philo- 
ſophy; as it is one fact more to be configned' to the hif- 
tory of the errors and illufions of the nnn and 
a fignal inſtance of the power of r er 
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it is neceſſary to conſider that, by which it is communi- 
cated from one body to another. This may be in gene- 
ral called Impulſe. When both bodies had been preri - 
ouſly in motion, it may be called Colliſion. For deter- 
mining its effects bodies are conveniently diſtinguiſhed 
into non elaſtic and elaſtic; though perhaps there ig not 
any body perfectly correſpondent to 
Bodies are ſaid to be non-elaſtic, which, when'compelled = 
to change their ſhape; do not Exert/ any force to return 
to it again. Bodies are ſaid to be elaſtic, whoſe parts 
yield to a force impreſſed, and endeavour: to reſtore them- 
ſelves to their original poſition when that force has been 


removed; and they are ſaid to be perfectly elaſtic, when 
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the reſtitutive force is equal to the impreſſed force, ſo 
that the parts return to their former ſituation. 


Experiments relating to Impulſe being moſt conveni- 
ently made with pendulous bodies, It is neceſſary to pre- 
miſe the following lemma, * which their velocities N 
be compared. 0 1 


| Lows, Wy WAI FIGS le 
in deſcending along different circular arches to the lor 


Point, are proportional to the chords of the arches. 


Let P (plate 4. fig- 5.) be a pendulous body ſuſpended = 
from the center C; and let it deſcend to the loweſt point 
P through the different ;arghes AP, BE. The yeloci- 
ties acquired will be proportional to the chords AP, BP. 
For, the horizontal lines AH, BK being drawn, the 
velocities acquired in defcending along the arch WIl 
| berelpefively equal to thoſe which might be acquired 

in:;falling-tlown the heights of thoſt arches dP; KP, 

(hag. deft... prup. 5. cor,) But the latter velocities 
—— For, by che g property 
nme en ——— 0 

ſubduptita e 1 arm 

| thitahecherds/aphoiriahe fame ſubdupliente ratio 

| ſquare cof2theichord 4 is equal to the xectangle en- 
tained under HA and the diameter H (Euch. book. 6. 
prop. 8. tro and prop. 15.) B andi de ſquare of the 


chord IPs in chetlike manner bqual to dhe rectengle 


2 the diameter and KP. Therefore the ſhuare. af 
9 3 


45 is to h e er rectanle to 
En the latter; and eonſcquently (Rudd. dock G. prop. 1.) as 
. AP to K Therefore che chord 1 is to the chend 
BP in the eee . to WE . en 8 
nee rac nab att ole | 
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_ This lay miles; lt two equal balls of fol "Es 
or putty; which may be confdered as non- elaſtie, be 
fuſpended in ſuch à manner from two points by two 
equal threads, that the threads may be parallel, and the 
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. Caſe 1. If, -whitt one of the balls remains quieſcent, 
the other be raiſed along an arch, whoſe chord is of any 
aſſigned length, as 6 inches, and then fuffered to de- 
ſcend mum oc 2 1 
eee eee ech ee 8 
to the half of r 0 


I. 


1. ate Hp acctaalenyinids 8 a 
-half of that of the ſtriliog body (lemma), the velocities 
being proportional to the chords. Since therefore the 
quantity of motion is proportional to the quantity of 
matter and esel pA 4. ume laws of 
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| matter contained in the bodies be equal or unequal, ſee-Helſham's«Lec- 
tures in Natural Philoſophy, p. 38; or. Wood's: Principles of Mecha- 

ö -nies, art. 49fl. and far the method of making allowayce for the rei- 

: _ tance of the 1 ſee Phil. Nat. Prine. Math. ſchol. ad leges motſls. 
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the quantity of motion is the ſame as before. But 
this quantity is now divided between the two equal 
bodies. The ſtriking body has therefore loſt one half of 
eee e e, i 
1 
Cuaſe 2. If the balls be Os tow. inſtant let fall 
2 unequal arches in the ſame direction, as through 
arches whoſe chords are of 9 and 5 inches, they will 
-aſcend together in the ſame direction, and the chord of 
the arch deſcribed in the aſcent will be the arithmetical 
nee thoſe * ar of 7 own.” | 
„in ch eee before the ſtroke Arne 
ur — 5 (lemma), and after the ſtroke the com- 
mon velocity being as 7, the body deſcending through 
che greater arch has loſt 2 parts of its velocity, and con- 
ſequently of an and: the other e gull 
ſo much. nen uth > Hints 28" 01 
Caſe 3. If the balls „ fall in 
nn mann en ene _ 
bee en des SO e eee wreiod 
e eee Wen e and the 
eee of matter allo * the n, of motion 


PP 
accuracy reſulting from the inequality of the times, in which the 
unequal arches are deſcribed, ſince the bodies do not meet in the loweſt 
38 8 are 
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1 it | balls be at the { instant let fall ts 
8 > equal arches in. oppoſite directiocs, as through 
arches whoſe, chords are of g and 5 inches, they will g. 
in the direction of the body which. deſcend- 
. the greater arch, and the chord of the arch : 
deſeribed- in the, aſcent will be the half of the difference : 
of the chords of the arches. previoully deſcribed, or 2 7 
inches. Her NN Aha 4 RY 1 . 1 
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In this caſe the yelacitics before the colliGon being as 

che numbers 9 and 5 (lemma), and after the collifion the 

common velocity being as 2, the body deſcending through 
ſequently of its mation ; and the other has undergone an 
equat and contrary change, having loft. its original velo- 
city which was as 5, and 
nr re e 


The eſfects 


The efleQts of the Impulſe of elaſtic bodies muſt be 3 
different from thoſe of the Impulſe gk ſuch as are non- L 
elaſtic, becauſe the. claſtic force, in-mſtoring the com- , 
preſſed: parts to their former ſituations, muſt tend to ſe 

illuſtrated the operation of the elaſtic force, by ſuppoling —& 
Loh =” argon eee eee 
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direction of motion, to be Hlcrpoled between "the tod 
bodies. In Whatever degree ch Tpring i 18 comp preſſed, 
will at che ſame inſtant exert the ſame elaſtic force on 
both b bodies.” When the ſprivg firſt begin to be com- 
preſſed, the force, by which it retards che ſtriking body 
and accelerates the body ſtruck, is the leaſf. Te will af. 
terwards continually increafe until che compreſſion is the 
greateſt poſſible, which will be when the two bodies "have 
a common velocity; ; and will then begin to reſtore itſelf 
to its former ſtate. If the reſtitütive force be equal to 
that of compreſſion, che action of the ſpring will be fimi- 
lar to that of perfectly elaſtic bodies. In the Impulſe of 
ſuch bodies on each other it is obvious that the quantities 
of motion communicated and loft muſt be juſt donble of 
thoſe, which are communicated and loſt in tlie corref- 
ponding caſes of non-elaſtic' bodies; becauſe the effects 
of an equal force are ſuperadded to thoſe of the mere 
Impulſe: and in every degree of imperfec̃t elaſticity, 
theſe additional effects muſt be proportioned to tat de- 
gree. The reſults therefore of the Impulſe of perfectly 
elaſtic bodies may be predicted, by determining firſt what 
would be the reſults if the bodies were non-elaſtic, and 
then doubling the quantities of motion communicated 
and loſt. The experiments however muſt differ in ſome 
degfee from this theory, era do bales fen et 
tic are knn. A wd 1025 Nen e en 
wy i vd Soul 2851s ati! 10:38169% ein 
Caſe 1 If two aan balls er weyn, ſuſpended in 
the manner already deſeribed, and one of them be { 
ered de Gesch Mroben auß Mel; tots E the 
other; 
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aber; che latter will x afcend - Bk an e 2 220d 
the other \ will r remain at reſt = 
Tp 3 bbs Fs 2h; 84 Di it ue 16 PHIL $7 
"lathe It. caſe of non-laſt bodies, the ſtriking bo- 
dy. loſt the half of its motion, and the other” acquired 
chat quantity. 10 this caſe, agrecably « to what has been 
mentioned in "the preceding paragraph, the effects are 
doubled; ſince the ſtriking body loſes its whole motion, 


and the other acquires an equal quantity, 
"Cale =__ 1 It te 1 balls defcend in the fame. a ETEY 


| — 1 unequal arches, as through arches whoſe" chords 
are of 9 and 5 inches, they will aſcend i in the ſame di- 
recen, but with e velocities. eee 


en bes ee * 0 21 
S 1 


In = 20d. 2 of - vale the balls Sleeng. 
ed together through an arch, whoſe chord was the, arith- 


metical mean between the chords of the arches previ- 


ouſly deſcribed, and the quantities of motion communi- 


_ cated and loſt were the halves of the difference of the 


original motions. In this caſe the quantities of motion 


communicated and loſt a are each "Ms to the x whole wa: 
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"Caſe 3 If * balls 1 let fal OT equal arches 
in oppoſite directions, they will both be reflected by he 
| ſtroke , and will aſcend to the fame heights from which 
NS roi nd ‚·mgjn pies ANG 

In the zrd. caſe of ion-elaſtic bodies, the two balls 
remained quieſcent after the ſtroke, each having loſt its 

B b 2 whole 
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2 motion in the oppolite direction. 


"Oils 4 if d ball Mel i. onwatid Knits 
through unequal arches, as through arches whoſe chords | 


- are of ꝗ and g inches, thiey | vill be reflected with inter 


changed velocities. 1 

In he n cald of 2 i bee W 
ed together through an arch whoſe chord was of a inches, 
and each loſt 7 parts of motion. In this caſe the bpdy | 
deſcending through the greater arch loſes 7 parts more 
of motion, being reflected through an arch whoſe chord 
is of 5 inches; and the other body alſo Tuffers an equal 
additional loſs, being reflected . . whoſe 
chord is of 9 inches. 


. 


It may be W as a general obſervation on 4 


theſe caſes, that they afford a confirmation of the third 
law of motion; fince in every inſtance the oppoſite 
changes produced in the ſtates of the two bodies are equal. 
The quantity of motion communicated from one body to 
another, which is either quieſcent or moving in the fame 
direction, is equal to that loſt by the ſtriking body; and 
the quantities of motion loſt by two bodies moving in op- 
poſite directions are alſo equal. Hence it follows, that 
the ſum of the motions of two bodies moving in the ſame 
direction, or the difference of the motions of two bodies 


moving in contrary directions, is the * * 
ö | 


The 


ee e been given of che open & 
the elaſtie force, will explain what at firſt ſeems parado: 
ical; that 2 body may communicate to another a . | 
er quatifity of * motion, than that which itſelf had pol- _ 
felled,” "This mult happen, ir the two bodies be perfe&- 
ly elaſtic, and the body ſtruck contain the greater quan- 
tity. of matter. For, if the bodies were non-elaſtic, the 
ſame quantity of motion, which had been poſſeſſed by the 
ſtriking body, would be communicated to the compound 
formed of the two bodies; and the body ſtruck, being 
greater than the other, would poſſeſs more than the half of 
the motion. Conſequently, the effects being doubled by 
ann r ane moor 


"Although the effect of nets aa antes 
the quantity of motion, the ſame effect will not in all 
caſes reſult from the ſame quantity of motion. A piſtol 


bullet ſhot through a door may not communicate to.it 
motion ſufficient for overcoming the friction of the hing- 
esz and yet a larger piece of lead with a velocity in the 
ſame proportion leſs, and conſequently with the ſame 
quantity of motion; may ſhut the door, although the 
| r 063 PE enn * e 


e e | 
be leſs than that of the ſtriking body. For the velocity of the com- 
pound, if the bodies were non-elaſtic, would be to that of the ſtriking | 
body, as the ſtriking body to the compound (ſee note to caſe 1. of non- 
elaſtic bodies), and conſequently leſs than the half of that velocity. 
When therefore it has been doubled by daſticity, it will fill be len 
than the whole. 
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on comm to the door by che bullet muſt be de- 
termined by that which the bullet loſes ; and, on account 
of the great velocity of the bullet, the motion loſt in paſ- 
ang through ſo ſmall a ſpace as the thickneſs of the door - 
may be inſufficient to overcome the n, by which 
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MECHANIC POWERS.” 


To 8 of he antuink pane 18 mo- 
tion is either generated or communicated, it is farther 
neceſſary to ſubjoin an explanation of the principles of 
thoſe artificial forces, or Mechanic Powers, by which it is 
moſt conveniently” applied to the ſeveral uſes of human 
life. It muſt however be remembered, that theſe do not 
in reality conftitute any new powers. Their efficacy 
conſiſts only i in accumulating a greater quantity of ſome 
natural power, and direcking it to the attainment of ſome 
propoſed end. This f 16 evident from the conſideration, 
that whatever is gained in power by any ſpecies of ma- 
chine, i is loſt in time. The fame quantity of motion 
might therefore be . produced in the ſame time with- . 
out the machine, if it were equally convenient to pro- 
duce the effect res in ſueceſſive parts, as in the 
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whole collectively; but, becauſe it frequently happens, 
that the intire effect muſt be produced together, it is ne- 
| ceflary to have recourſe to mechanical contrivances, for 


accumulating and combining thoſe ſeparate and ſuc- 
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- ceſhive exertions of power. A man could with a fingle 


rope move in a certain time the ſame quantity of matter, 
which he could move in the ſame time by a machine, 
but he could do this only in detached parts. The ma- 
chine enables him to moye. at once the whole maſs, to 

which his unaſſiſted ſtrength would be utterly inade- 
quate. There are fix ſimple machines, or Mechanic 
Powers, the lever, the pulley, the inclined plane, the 
wheel and axle, the wedge, and the fcrew ; and the 
more complicated engines are only various combinations 
of theſe ſimple, contriyances. Though the gelen of che 
Mechanic Powers is to communicate motion, the caſe of 
equilibrium is that which is inveſtigated in the conſide- 
ration of their properties, becauſe, this being afcertain- 
ed, an addition of force vill overcome the reſiſtance. | 


A lever is an inflexible bar, 3 about « point, 
| which is eilel the fulerym or yrop. | ® 


"hs e 
diately from the general principles of motion ſtated in 
the Introduction, becauſe the forces acting upon it are 
not applied at the ſame point, which thoſe general prin- 
ciples ſuppoſe. Various methods of obviating this dif- a 
ficulty have been propoſeg; but that lately ſuggeſted by 


| * Mr. Vince ſeems e His 


* Phloophical baba ol. 4 E 


WE, itt 74 EE hpi! 5700 W 


* 7 
. 


E, and AP may be equal o CZ ; the two fulcrums - 


"the lover 4 about S wre the lame as before. 
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this purpoſe, by Archimedes, which he effects by the at. 
9 . of . the following vate as: totals | 


FP 


Alem. If a leyer, as Sete 4. ig. 6.) reſt up- * 

on two fulcrums umd P; and two equal bodies 4 3 
and. C, ſupported by the lever, be Gmilarly fituated in 
reſpect of its extremities, ſo that AS, may be equal to 


will be preſſed by equal weights, , and each will ſuſtain the . 
Half of, the ſum of the weights of the bodies 1 and i] 
%. 7 d e 75115 TH 1k a 1 1 
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| af the middle point El chem. 8 3 5 2 

Ai ud ned gi 1 | | ; 4 

| Let AP G 4. Þ LAN ee ee 3 
Sy and let A and C be two equal bodies ſupported by 

| ceive P4 to be produced to 2,1 ſo that 4 T may 
Pd, and the extremity © to be ſuſtained by 

F fulcrum. In this caſe, by the preceding axiom, 
the er A. would ſuſtain one half of the ſum of 
ichts of the two. bodies, If therefore theſe, bo- 

ere removed, and. a weight equal to that ſum were 

placed at B the middle point between chem, ſince the | 

8 dene ven ue 
0 wou d be. the fame as before; and conſe- 
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whole collectively; but, becauſe it ftequently happens, 
that the intire effect muſt be produced together, it is ne- 
ceſſary to have recourſe to mechanical contrivances, for 
accumulating and combining thoſe ſeparate and ſuc- 


- ceſfive exertions of power. A man could with a ſingle 


rope move in a certain time the ſame quantity of matter, 
which he could movc in the ſame time by a machine, 
but he could do this only in detached parts. The ma- 
which his unaſſiſted ſtrength would be utterly inade- 
quate. There are fix ſimple machines, or Mechanic 
Powers, the lever, the pulley, the inclined plane, the 

wheel and axle, the wedge, and the ſcrew ; and the 
more complicated engines are only various combinations 
of theſe ſimple cantriyances. Though the d of the 
Mechanic Powers is to communicate motion, the caſe of 
equilibrium is that which is inveſtigated in the conſide- 
ration of cheir properties, becauſe, chis being afcertain- 
ed, an addition of force rants i 958 


: A lerer is an inflexible bar, 3 «ou + gin, 
which n the fuleraus or gave.) 
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diately from the general principles of motion ſtated in 
the Introduction, becauſe the forces acting upon it are 
not applied at the ſame point, which thoſe general prig- 
ciples ſuppoſe. Various methods of obviating this git 
ficulty have been propolegl; but that lately ſuggeſted by 
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| d onſtrating a principle aſſumed for 
this purpoſe by Archimedes, which he effects by the ** 
in principle as s ſelf-erident. 
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Y „ Axiom. 17 a lever, as e 4: fig 6.) reſt up- 5 


on two fulcrums & and P; and two equal bodies 4 
and. C ſupported by the lever, be Gmilarly | fituated in 
' xeſpe&t| of its extremities, ſo that 4 may be equal to 
, and AP may be equal to C; the two fulcrums 
Will be prefſed by equal weights, „and each will ſuſtain the 
Half of, e ſum of the weights. of the bodies 4 and 
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bannen 1:5: 
Lemuta. I due equal e b 
a Teva the effort to put it in motion will be the ſame, as if 
0 afted * 8 middle point between LOO. 5 
A ud ug 1931 wr tk 1 
1 AP We” 4.7 big. bo); bet the — W W 
P, and let 4 and 0 be two equal bodies ſupported by 
... Conce EPA tobe be produced to. 2, ſo that 4 may | 
| be equal to PC, and 5 extremity D to be ſuſtained by 
another fulcrum. In this caſe, by the preceding axiom, 
the f erum at 2, would ſuſtain one half of the ſum of. 


_othe ighte of the, two. bodies. If therefore theſe bo- 
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dies removed, and -a weicht equal 1 to chat fum were 

placed a B chs middle point between them, ſince the 
Teint 'B Alo diess the Whole E the preſfure upon the 
"fulcrum at © w would be the fame as before; and conie- 
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* . quently, 7 5 fulcrum.) be umpved, the. elfort,t to move 


the lover A about Y vil be te ſame a8 before. . 
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fulcrum. The firſt Kind is that, in Which the power und 
weight are at contrary ſides of the fulcrum ; as in plate 


4 fig. 8. BC repreſents » leverireſting on the fulcrum | 
. Fee ee Ind: © the Phe? "The ſe- 


<ond is that, in which the'powet and weight as ut che 
bas ie . the Miete but the power mote remote 
than the weight; as in plate 5: fig- 2. 4B repteſents a 
lever reſting on the fulerum B, © denotes the weight, and 
A the power. The third is that, in which the power 
and weight are at che fame fide of the fulcrum, but the 
weight more remote than the power; as in the preced= 
ing figurs, if C gebote the power, r 
A ae Xi W rn 
nb e e DINE: of the artk kind che Ful- 
crum ſuſtains the ſum of the wei weight and power, but 3 in 
each of the other kinds only the diffctence.. I. tc] 
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6K. 4.8 2{plate 5 Pp"4) be: the lever ſupper (8. ; and. 
#2, and CH nge the quits, and , of: the 
pat at Draw. AM and Ne CE | 
ons; and dra BF and CI peradiculur 00 80, an DF, — 
"wi Exch or the forces. BD -and om ill Aeby be reſolved tins 
ro (and law of motion, cor. 4) one of which, DF or IH, is paral- 
— rtand — any 2 
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L BC {plate 4, 187} bea Wer o the firſt! kind, 


| ſupported by the fulcrum 4. That'the power at C and 


the weight at B may be in equilibrium, the 3 muſt 
be to the latter, as. 4B to AC. EO WOT Ig 
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I A be conceived. WG bs; produc Hee th 2,4 Wan 
B may be equal fo AC; and CT, C2 be takeis equal 
to AB; che whole XY wilt be biſected in A: for XD 
4 BA=AC+CY. Alo XB=BZ, becauſe it "is 
equal to AC. Let the whole lever XT be a cylinder 
of uniform denſity, and, by- the preceding lemma,” the 
prefſures-of all its parts will produce the fame effect as 
if they were united at the point A, che parts equidif 
tant from 4 being « conſidered together.” The lever I 
will therefore be in equilibrium. But che fame muſt 
reſult, for the ſame reaſon, if the preſſures of any two 


parts, as, XZ and ZY, into which' it is divided, be 


conceived to be collected in the middle points of thoſe 
parts. Since wen. AZ is biſeCed"i in DB, fer its Whole 
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ſure upon it; and the oth er of a; is diate; to th de ard to 
which it is applied. B muſt therefore be to CI, as AC to AB. But, 


on account of the ſimilar tejangles” Butt d. D: BF: hes 4 
AM; and it has been ſhewn that BF : C7: : AC: AB; _ on ace 
1 egunt of the ſimilar L CH. N CT : CH: : 4 Nate 
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| hike manner, the whole weight of ZT to be collected in 
e and the equilibrium will continue. But in this caſe 
the weight at C would be to the weight at B, as ZT to 
ZX, Wo NN eee 
to AC. f N We Oe; +: 
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oi fo that they contain an angle, (plate 4. fig. 9.) and the 
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| [ ; | fulcrum is placed at the angular point A. The power 
13 and weight muſt in all caſey he concejved to be applied 
| perpendicularly, as in the figure ; or or allowance muſt be 
| FL, made for the obliquity by che reſolution of motion. 
Hence, in the motion of the lever itſelf an irregularity | { 
ariſes from the change of its poſition, on account of * 6 
which it begomes oblique to the directions of the power 
| and weight; and, although this proportionally affects 
JI both, it yet varies the intenſity of the, working of the | | 
+ machine, which 1 in la engines is is very inconvenient. De” 
| | | This inconyenience is remedied, by annexing to the ex- 
3  _ » tremities of !the | lever (mall circular arches concentric to 
| the fulcrum. or center of motion and applying. the 
power and weight by chains faſtened to the upper ex 
tremities of the arches, as in plate 5̃. fig. 1. By this Mk KS 
contrivance their actions are always exerted in the Aire | 
4 : : of tangents, and n to . FN 
1 | (4 ances from the fulcrum: , ity AY 
| ; | | * * 4p. = 
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ſame fide-of the center of motion; and in a general view! 
it is indifferent Which force "il be Mn 
power, -and which at the weight. ei e 6; e 
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Let A and B (plate g. fig. 2.) be two weights which 
balance each other upon the lever 4B of the firſt kind 
whole fulcrum is at C; and, by the preceling caſey) 
A: Bi BC"! Ac. Let a power equal to the ſum of 


tion inſtead of the fulerum. Since the preſſure ſuſ- 
tained by the fulerum of a lever of the firſt kind is the 
ſum of the weights, ſuch a power would ſupply its place. 
The equilibrium"would: continue, "and A or B might be 
ſhewny that 4: B: 0 410. {Therefore #40 = 
wk eee "BC VP.” ee ne e e , 
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. COL ie e e e ee 
e eee the power and 
weight is demonſtrable of eee PF" 
differ from each other in, regard to the ratios which may 
ſubſiſt between the power and weight. In the firſt kind, 
ſince che fulcrum may be placed at any point between 
them, in obvious that the power may have to my 
weight which it counterbalances any aſſignable ratio. 
In the ſecond kind the power is always leſs, and in the 
third always greater than the weight. It ſhould alſo be 
remarked, that, the power and weight being applied 


at given diſtances from che fulerum, a lever of the ſe- 


cond kind is more efficacious than one of the firſt; be- 
cauſe in the ſecond kind the power is ane 3 a8 
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To de fell kind: of levers may dons 6. 


vatal ſorts of iriſtryments, ſuch as ſeiſſaro, piticers, and 


ſnufſers ; each of which may be conſidered as compoſed 
of two levers, whoſc common fulerunp is the pin; by 
which the parts are connected. A hammer uſed! for 
Moves — AIDS 2 te 
and: doors moving upon — - ladder. is Tonk. 
| . pe 
chind kind. K is remarkable the this lad | 
ne r The an, for. in- 
| Kince, 16 lever whoſe fulcrum | is at the elþow, the 
| weiglitis/applicd at the hand, and the power, or muſcle, | 


is applied at an intermediate point. The reaſon. of ihie . 


is hatrever obviouſſy the convenience of form, and the 
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This inveſtigation — importanee u 
practical application of mechanical principles. It diſ- 
covers to us thoſe points, in which the ole mafs ef a 
body,” or of atty number of bodies, way be'confiderel 
2 collefted f nd thereby — 3 

of hoe were, 26 points. The cent 
body, or the common center of tw 


accordingly defined to be that point, in which the 2 


of the parts of che body, N dhe different bodies; a7 
be:ronfidered as unltedj ) ado bod 
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„hat mere is ſuch a point in every body/ muy be 
thus ſhe wn. Let , B, C, D, n (plate g. Gg. * 
any number of particles of matter) compoſing a body. 
Suppoſe 4 and h to be connected by A, an inflexible 
kae without weight; and let g he divided in B, f 
At A: BBE NAA. Them will 6 and bande 
oath other upem , -61 CO IO 
A be de ſun of: — . Jein By | 
let C: FE: , Phey, if & be ſapperted, 
E aud C will be ſupportes, wut ic 4, B and C v be 


\Copportedz and tho yrbſſure upon E will be ee de of 
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— 1 has been e appears, that if a 
hodybe ſupported by its center of Gravity, it will con- 


- tinue in any poſition in which it is placed. The weights 


of its parts being in equilibrium about that point, no 
On the contrary, the" whole, weight. of the body being 


collected in that point, if it be not ſuppoxted, it will, in 


ſcend to the center of the earth; and dhe body, if freely 


-perpendicularly beneath the point of. ſuſpenſion. - A body 
therefore, which is ſupported by any point different from 
its center of Gravity, can reſt only in two poſitions: 1 
when the center of Gravity is perpendicularly aboye the 
point of ſuſpenſion, in which caſe it reſts: upon ĩt; * 
a. when it is "perpendicularly. . that point, in 

which caſe it is * ſuſtained by it. 
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the center of Gravity of an homogeneous and regular 
b body; but the only general determination of this center 


is derived from the property mentioned in the preceding 
paragraph, its tendency towards the center of the earth. 
If a body be ſuſpended ſucceſlively by different points, 


and right lines be drawn through the points of ſuſpen- 
fion perpendicular to the horizon, the center of Gravity 


will lie in each of theſe perpendiculars, and conſequently | 
in the point of their imerſection. | 


* 


The conſideration of the center of Gravity enables us 
to determine in what caſe a body will fall, and when it 
will be ſupported. It has been ſhewn, that the center of 


Gravity of a body endeavours to deſcend towards the 
center of the earth, and conſequently in a line perpen- 


dicular to the horizon. If this line, which is called its 


line of direction, fall within the baſe of the body, the 


center of Gravity will be ſupported by the body, and 
the body will conſequently retain its poſition, But if 


the line of direction fall without the baſe, it will no 
longer receive ſupport, and the body will fall Hence 


it follows, that of two portions of different kinds of 


matter, reſting on equal baſes, and containing equal 


weights, that which is more bulky, and therefore more 
lofty, will be more eaſily overturned. The body being 
more lofty, its center of Gravity will alſo be more ele- 
' vated, and conſequently its line of direction will be more 


eaſily thrown without the baſe. 


The ſame principle will alſo enable us to explain the 


n n in which bodies of various forms de- 


: D d ſcend 


10 Elements of Natural Philoſophy. 


ſcend along the ſame inclined plane, Some, as cubes, 
flide down an inclined plane, whilſt others, as globes or 
_ cylinders, roll, The cauſe of this difference is, that the 
nes of direction of the centers of Gravity of the cubes 


| will, unleſs the plane be tos much elevated, continue to 


fall within their baſes z whilſt thoſe of the globes or cy- 
linders muſt, in any elevation, be thrown without thoſe 
parts in which they reſt upon the plane. It muſt how- 
ever be obſerved, that no body would roll down an in» 
clined plane if the friction were wholly removed. If 
the friction of the plane did not detain the lower parts 
of the body, no rotation could be produced by the ten- 
dency of the center of Gravity, ee 
would Aide like a cube. 


If 4, B, c, D, cc. (plate 5. fig. 3.) repreſent the 
centers of Gravity of ſo many diſtinct bodies, each body 
being conceived to be collected into its center of Gra- 
vity, E will be the common center of 4 and B; F che 
common center of 4, B and C; G the common center 
of 4. B, C and D; and Go with any number. 


| „ 
comparing the weights of bodies, and conſequently 
(hol. 1. to the firſt law of Gravity) the quantities of 
nee 


There are two kinds . ba- 
lance, and the ſtatera Romana or ſteel- yard. 


wan regards rack of aul. as 


 aweight, 
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a weight, whatever he dis lengh of 'the/cord by which 
it hangs, aQts in the ſame manner 4 if its center of 
Gravity were applied at the point of ſuſpenſion. This js 
confirmed by the following experiment. Let 4 weight 
appended at one arm of a balance be counterpoiſed by a 
weight at the other, and let it, by means of a cord, be 
PEP 


Tube poſition of the balance will remain unvaried, and 


the weights will conſequently continue to counterpoiſe | 
each other. Hence it follows, that the diſtance of the 


weight from the point of ſuſpenſion does not affect its 
operation upon the arm of the balance, | 


The common balance is a lever whoſe arms are equal, 
and which will conſequently continue in equilibrium 
when equal weights are applied at the extremities of the 
arms. If che axis of motion paſſed through the center 
of Gravity of the beam, its quieſcence in any poſition 

would indicate the equality of the weights applied to the 
arms, becauſe it would indicate that the center of Gra- 
vity had not been changed by loading the beam. It has 
| howeyer been found more convenient, that ſome fixed 
poſition of the beam ſhould denote the equality of the 
weights, and none is fo eligible as the horizontal. That 
the beam may have this poſition, when its arms are in 
equilibrium, it is neceſſary that a right line paſſing 
| through its center of Gravity and center of motion 
ſhould be perpendicular to its length. For, fince the 
beam will not reſt unleſs the center of Gravity be per- 
pendicularly above or beneath the center of motion, i is 

obvious that it cannot reſt unleſs the length of the beam 
| | D d 3 be 
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be parallel to the horizon. | This horizontal poſition is 5 
aſcertained by an index, which is a continuation of the 
right line .paſſing through the centers of Gravity and 
motion. The center of motion is taken above the center 


of Gravity of the beam, becauſe in this caſe the center 


of Gravity will bring the beam to its true poſition : where- 
as, if the center of motion were taken beneath the cen- 
ter of Gravity of the beam, it would be neceſſary to ad- 

juſt the beam to its horizontal poſition; and any error 
would leave the center of are Ge wdr 3 


f 3363 


| SED FILL 
By the length of nb ivat ths hat Ne 
tween the points of ſuſpenſion; and theſe points ſhould 
be ſo taken, that the center of Gravity of the beam 
may lie between them. Since the weights act as if they 
were applied at the points of ſuſpenſion, the addition of 
equal weights will not in this caſe alter the center of _ 
Gravity of the beam, and conſequently will not diſturb ' 
its horizontal poſition. The vibrations of a balance are 
quicker, and the horizontal \tendency ſtronger, the 
greater is the interval between the center of motion and 
the center of Gravity. To leſſen the inaccuracies which 
might be occaſioned by friction, the balance is made to 


turn on an edge, and the weights are alſo ſuſpended on 


edges. For the ſame purpoſe, it has 'been recommend- 
ed, that the arms ſhould be made long; ſince any in- 


equality of che weights, thus applied at the extremity 


of a longer lever, will more eaſily overcome the friction. 
Tris muſt however be regulated by the ſtrength of the 


beam. I the arms ſhould be liable to be bent by the 


- 


weights, 5 
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weights, the compariſon of the weights will be i inaccu- 
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If che arms be of unequal lengths, whilſt no allow- 
ance is made for this inequality, it is a falſe or deceitful 
balance; becauſe unequal weights will counterpoiſe each 
other. This appears from the property of the lever. 
"Thoſe weights will balance each other, which are in the 

reciprotal ratio of their diſtances from the center of 
motign. Since therefore theſe diſtances are unequal, 
dhe * * muſt a be _— 


It is obſervable, that if any ſubſtance be weighed ſuc- | 
_ ceffively in the ſcales ſuſpended from both arms of a falſe 
balance, the true weight will be a geometrical mean be- 
tween the two falſe weights. If it be ſuſpended from 
the ſhorter arm, its counterpoiſe -will be to it in the 
ratio of the ſhorter arm to the longer; and if it be ſuſ- 
pended from the longer, it will be to its counterpoiſe 
in the ſame ratio. It is therefore a geometrical mean 
between them. The true weight may conſequently be 
found very nearly, by taking an arithmetical mean be- 
of various bodies may indeed be accurately determined 
by any balance however falſe, if they are always placed 
in the ſame ſcale; for, ſince the ratio of the arms is in- 
variable, the weights of the bodies will have all the ſame | 
ratio to jag nnn en 


Wage Made a terkadel te 1 
firſt kind, whoſe arms, are unequal, Theſe arms how- « 
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the body, whoſe weight is ſought, is ſuſpended from the 
| fhorter arm, and its weight is eſtimated by the dit 
tance of. a fliding weight on the other arm from the 
center of motion. Thus, if the ſliding weight be, when 
the equilibrium takes place, at a point which is diſtant 
from the center of motion by an interval equal to the 
length of the ſhorter arm, the weight of the body is 
equal to that weight; if it be diſtant by twice that in- 
terval, the weight of the body is double of that weight ; 


| and ſo in other caſes, The principle of this is the ſame 


as that of the common balance; namely, that in a Cafe 
of equilibrium the weights muſt he reciprocally propor- 
tional to the diſtances of the points of ſuſpenſion from 
conſiſts only in this: that in the common balance the 
eſtimated by comparing them with different counter. 
poiling weights, to which they muſt conſequently be 
equal; whereas in the ſteel-yard the counterpoiſing 
weight is unvaried, and the weights of bodies are eſti- 
mated by comparing the diſtances at which it is necef- | 
ee eee 09-56 eee 
9 | 


By the property of the lever LS. 
b 


If beam ſupporting a weight, — * 2 I 
Props or fulcrums, be parallel to the horizon, the ſum 
GOT 2 will he equal to the 

weight; 
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weight; and the prefſurs ſuſtained by each folerm vin | 
be to that ſuſtained by the other, in the reciprocal ratio 

of their diſtances from the weight. Let 4B (plate 5, 
fig. 2.) de a beam ſupported at A and B, and ſuſtain- 


ing a weight at C. The preſſure at 4 or B muſt be gi, , 
equal to that power, which would be juſt ſufficient to 


ſuſtain the beam, if applied at the ſame point; and the 
beam may be conſidered as a lever of the ſecond kind, 
reſting on a fulcrum at A or B, and ſupported by a 
power at the other extremity. If then 4 be conlidered 
as the fulcrum, the power at B muſt be to the weight, 
as ACto AB; and, if B be conſidered as the fulcrum, 
the weight muſt be to the power at A, as AB to CB. 
at B is to the power tieceflary for ſupporting the beam 


nt 4, that i, the pea e Bb 101th proſe 6 4, " 
ee | 


If chi bed bi dent rating dhe deter | 
tion of the preſſures will be * various, according to the 
yarious directions in which the ſupport given' by che 
fulcrums is exerted. Thus, the beam may at its upper 
extremity reſt againſt an inclined or vertical plane, and 
againſt an horizontal one at the other; or its upper ex- 
tremity may be ' ſuſtained at a fixed point, and its lower 
reſt againſt an inclined plane; or it may reſt upon two 
oblique ſupports. In every caſe however the preſfures 
muſt be ſuch as, if compounded actording to their re- 
ſpective directions, will counterbalance the weight of 


* Emerſon's Principles of Mechanics, ſect. 7. 
Fa £5. th . | 


the 


To 20 —— 


the body. 1 be in every cantata eral 
motions there is a loſs of force, (ſee page 10), the ſum 
of the prefiires upon the fulcrums will in"thele caſev've 
b. e REL” HON I 


- The weight of the Vial ieſelF muſt be conſidered as 
a part of the weight ſupported, and referred to its own 
. . center of Gravity. The common center of Gravity of 
the beam and weight muſt determine the place of the 


The ſtrength of a beam may be eſtimated according 
to the principle of a lever. Let AB (plate 5. fig. 5.) be a 
beam, placed horizontally, and fixed at the extremity 

B; and let any force be applied perpendicularly at P, 
to break the beam. Conceive the beam to be divided 
into an indefinite number of very thin beams by planes 

parallel to its upper and lower ſurfaces. To break the 
beam, the power P muſt overcome the coheſion of the 
parts of theſe thin beams in ſome line EF, and the force 


zs accordingly exerted upon ſo many bent levers, which 


have all the ſame longer arm AE, and whoſe ſhorter 
arms are the diſtances of the ſeveral thin beams from the 
| _— 1 | 

8 appears the reaſon, why the rafters of an 
houſe are ſtronger when placed on their edges, than 
when flat; ſince the ſtrength of a beam muſt depend 
n. . By an in- 
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„ 2 ange fired pulley (plate g. fig. 6.), that than —— 


ä the power muſt be equal to che 1 
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half of che :weight, chat of che moveable pulley nflr | 
4 being ee as à part of "the weight. 
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Let a rope fired at E paſs under che moveable pulley 
A, and over the fixed pulley B. Let the weight be an- 
hexed to the center of the pulley 4, and che power be 


| applied at B. Then ſince the two parts of the rope, 


EA and AB, ſuſtain the weight, and are equally ſtretch- 
ed, each of them ſuſtains the half of the weight. But, 
by the preceding caſe, the rope BP ſuſtains" the ſame 


weight, which AB ſuſtains. The power is conſequent- 


ly equal to the half of the weight. The moveable pul- 
ley therefore aſſiſts the efficacy of the power; but the 


fixed pulley is only ſerviceable in changing the direxli- 


on in Which that power is exerted, or in ſtretching the 
ropes which * round a number of moveable my 
lies. 
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"Ia kent of Gred a and moveable puttics in "which 


the ſame rope paſſes round all the pullies, as in plate 5. 
fig. 8. and 9, that there may be an equilibrium, the 


We. muſt be to the weight, 48 1 to the number of che 
Paar of the rope at th the lower bile nee. ee 


n 2462 BLYTHE 8 ee Ane + by 3 es 
ren Ende Ar hilfe parts ö Me: rope are equally 
ſtretched, each will ſuſtain a part correſponding to thelr | 


- number; and the part, to which the power is applied 
| Toſtdins an equal preſſure, „ becauſe the equilibtium of 


the machine is fuppofed. The power is th e fuch 
a AN of the og. as correſponds to the number of 
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it the extremity of the rope. be faſtened above, ae in 5 


fig. +8; this ratio is that, of 1 to twice the number of 


| moveable pulleys. If it be. faſtened to the lower block, 


28 in fig. 9. it is the ratio of 1 to twice: the number of 


moveable pulleys increaſed. by 1. In this and the follow. 


ing caſes the weight of all the moyeable pulleys muſt be 
e as a Kh of the d abet . 


In a . one nd ks any gle wy 8 


ale pullefeyin vi ſeparate rope faſtened aboye paſ- 
ſes round each moveable pulley, as in plate 6. fig. 1, that 
chere may be an equilibrium, the power muſt be to the 
weight, as 1 to the laſt term of a duple progreſſion, 
whoſe firſt term is 1, and number ok terms ann 
1 with. eee _— n 

«thn WR A is to e a 1 to 23 and 
the weight at B is to the weight at C, as 2 to 43 and 


| the weight at C is to the weight at D, as 4 to 83 and fo 


with any number of moveable pulleys. In this progreſ- | 


ſion the ſecond term correſponds to the weight at the firſt | 


moveable pulley N; and therefore the number of terms 
is th ſank with the whole number ws 2 . 
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lows. in which a ſeparate rope faſtened to the weight 


paſſes round each pulley, as in plate 6. fig. 2, that there 
may: be an * the power muſt be to the weight, 
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the power P. Therefore the weight fuſtained by BA, 


{ 4nd conſequently that ſuſtained by BE, is equal to 2 F. 
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\ pulleys has denn invented by Mr James White, who 


obtained a patent for Ris contrivance. It is defigned''to | 
remedy the lateral friction and ſhaking motion of that 


fyſtem of pulleys, in which a fingle rope paſſes ound all 
the pulleys. When fuch a ſyſtem is in motion, the pul- 


leys muſt turn with various velocities z/ decauſe each 


muſt turn with the. velocity of that part of the rope which 


is paſſing round it. It is evident therefore that, -whitt 


er moves with. 2 velocity correſponding to the ſhortening 
of one part of the rope; the next pulley with a velocity 


eorrefpanding to the ſhortening of two parts of the rope; 
Re e tra: the nenn 
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P. 
firſt term and common difference are 1. Mr. White's 
contrivance conſiſts in cauking all the pulleys of the fame = 
block to turn together. This he effected by diminiſhing 
| the diameters of all the pulleys, except that neareſt to 
the power, in the fame proportions in which their ve- 
locities had been diminifhed in the other conftruttions. 
For ſinee the . 
in the fame proportions in which their diameters are di- 
| miniſhed, that is, in the proportion of their velotities of 
rotation, the times of rotation will be equal (ſee page 
18.). He was accordingly enabled to form each block 
of one piece (plate G. fig. "Ax e ee 
Wnn AI... 


; Py 
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Some writers hive contended that the Re may be 
| explained by reducing it to the lever; and have accord- | | 
| ingly conſidered. the fixed pulley as operating according | 
to the principle of a lever of the firſt, and the moves” 
ble pulley as acting like 2 lever of the ſecund kind“ 
| The lever in each cafe they conceived to be a diameter of = 
the pulley connecting the contacts of the rope; and in 
be former they conſidered the lever as fupported at the 
renter, in the latter as ſupported at the contact more re- 8 
mote from the power. But Biſhop Hamilton has ſhewn | 
the fallacy of this ſolution. It depends intirely upon 4 
conſideration of che magnitude of che wheels, which 
do not at all contribute tothe fupport of the weights. K 
the ropes were paſſed round mathematical points, theid | 
tenſion would be juſt the ſame, and the fame powers 
woes” ſuſtain the ſame * yu e N 
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merely to diminiſh, the friction in working the machine, 
agreeably to a principle which will be explained in treat- 
_— the r Power 8 5 he ned aps 6 oe. 
Phe inclined 1 is 1 n Fab Mechanic | 
Powers, becauſe a leſs" force may ſupport a body which 
reſts upon an inclined plane, than that which would be 
required for ſupporting it if it hung freely; and conſe- 
quently a leſs force may draw it up the plane, than that 


which would be 0 * . it ee 
i ad be foiined on. as incliond alimdbers 
power which acts in a direction parallel to the plane, the 


power will be to the weight, as the height of the plane | 
to its length. | | 


Let AB (plate 6. hg. 4.) be the 8 F, ale 5 5 80 
the body at P be ſuſtained by a power acting in the di- 
rection PA. The body is kept at reſt by three forces, 
the power acting in the direction PA, the force of Gra- 
n n to the ne and the reac- 


0 The yeveral principle, dats Sides Lode of 3 
er, is chat the power muſt be to the weight, as the fine of the ele- 
vation of the plane is to the coſine of . on EN q 
of the power is inclined to the plane. 8 
: Thus, let the body P (plate 6. fig. 5.) be ſuſtained by a power acting 
in the direction PV, and the three forces will be proportional to the ſides 
of the triangle Y PC, and the power to the weight, as PF to V, and 

conſequently as the fine, of the angle Pc to the fine. of the, angle 
Kc or VPE ; that is, on account of the ſimilar triangles APC and 


| ABC, 2s the ſine of the angle AZC, to the Ine of on : angle PE, 
ar the coſine of the angle FR: | A 


| ns tion 


tion of the * which (31d. WP of motion) is contrary 


tothe preſſure againſt the Plane, and is therefore perpen- 
dicular to the plane. Theſe three forces muſt conſe- 

| quently (254 law of motion cor. 3.) be proportional to 
the ſides of any triangle drawn parallel to their reſpee- | 
Let PD be drawn perpendicular to AB, 


tive directions. 
and DF perpendicular to BC. Then will the triangle 


PDF have its ſides reſpectively parallel to the directions 
Therefore the ſuſtaining power is to the 
| weight, as PF is to FD, or (Eucl. book 6. prop. N 


of , the forces. 


cor.) as FD to FB, or, on account of limilar triangles, 
as AC to 4B. | | 


79 mo 


* * 


The wheel and axle conſiſts of an axle united to a 
The power is applied at 


wheel, ſo as to turn with it. 
the periphery of the wheel, and the weight is W to 
the axles Ry BY a 3 ve winds _—_ it. 


In this WN that there may 1 an a e 


the power muſt be to the weight as the radius: of the 


axle t to xp radius of the WHEL" 


1 


The Cline coder is 8 ſor ſupporting the STR 
whatever be the point of the axle to which the wheel is 


applied. Let the wheel therefore be ſuppoſed to be ſo 


placed, that the power and weight may act in the ſame 


plane (plate 6. fig. 6.); and let CA, CB be thoſe radii 


of the wheel and axle, at whoſe extremities the power 
and weight act. Then the machine becomes a lever of 
the firſt kind ACB, whoſe fulcrum is at C; ; and the 


power is to the weight, as CB to CA. When the po-w-- 
9 ä 8 , . er 
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er acts at — atm the, ao 
the machine acts like a bent lever; and when the power 
acts at E, the machine becomes a lever of the ſecond 
kind: but the ſame ratio of the power and weight re- 
mains. Sometimes, inſtead of the wheel, a lever is in- 
ſented into the axle, and the power applied at its extre- 

* | A | ET ns y 


"as db ls aa 
to will be ſomewhat, yaried, becauſe the radius of the 
wheel or axle muſt be increaſed by the addition of the half 
of the thickneſs of the rope every time that it 2 
ll. 


N 


To „ ad ay” FELL 


by. the means of teeth placed in their peripheries. The 


teeth of the firſt axle being applied to thoſe of the ſecond 
wheel, motion is communicated from the former to the 
latter ; and ſo with any greater number. In ſuch a 
combination, that there may be an equilibrium, the pow- 
er muſt be to the weight, in the ratio compounded of the 
ſeveral ratios, which the power ſhould have to the weight 
Vith each wheel and axle ſeparately employed; that is, 
in the ratio compounded of the ſeveral ratios, which the 
radii of the axles have to the radii of their reſpective 
wheels, or as the product of the former radii to that of the 
latter. And becauſe the teeth reſpectively applied to each 
other muſt be of equal magnitudes, the numbers of teeth 
e 


n 


: in the ratio compounded of the ratio of the radius of che 


laſt axle to the radius of the firſt wheel, and of the ſeveral 
ratios 6f the numbers of teeth in the axles to the num- 


bers of teeth. in de been. nee In the 0 


en e ee ee it 
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i n ute de b forined. wich u bel zswef det the 
rope or chain may be ſucceſſively paſſed over parts of va- 
rious thickneffes, a varying weight or power applied” to 


che arle may be fo managed, 'as to /produce an uniform 


motion of the wheel." For the efficacy of this power in 
turning che wheel muſt be reeiprocally proportional - to 


| che thickneſs of that part of the axle to which it is ap- 


— 


plied, firice the ien r e and. 0 6 nies bes « 


"Te wheel are ee 


PE 
* 7 
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If therefore the power, be . ACHE 
the thinneſt part of the axle; and then ſueceſſvely at 
parts increaſing in "thickneſs in che ſame proportion in 
which . diminiſhes in intenſityz, the effect will be uni. 


form. This is che cafe of a watch. The ſpring, in- 


cluded in the fpring-box, is exerted moſt powerfully at 
che beginning 3 and its power is continually diminiched 
until the watch ſtops, or is again wound up: and ac- 
cordingly the chain is at the beginning applied to che 
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application-of the wheel and ale is inverted, the power 5 
being applied: to che axle for ee 


che heel. $ $112 10 2480 21? wg laStactugt fit) Lib 


. 15 fl; 
ea, b * (bays Ituit Aal; Alen 2 0 67 I 4 11 
bat the greateſt; ineonveniencies in the end. | 

on of machines is the friction of; their parts, The ſur- 

faces of all bodies Whatever are in ſome. degree 

and when the ſurface of one body is moved along that | 

of the other, che prominent parts; of the, former will:fall 

into the cavities of the latter, and cauſe à reſiſtance. 

This can only be -overcome by ta force, that ſhall. raiſe 

_ prominent parts of he former over thoſe of the lat- 

The whole of the moving body mult therefore be 
= to an height equal to that of the, prominencies 


over which it is moyed ; and conſequently, the, force muſt | 
| ſuſtain a part of the weight of the moving body. It is 


not neceſſary that it ſhould ſuſtain the whole weight, be- 
cauſe the motion is of the ſame nature with 22 which 
s e up e plane. 


1 2 
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e e ano diminihed b diminiſh 
ing the roughneſs of the {ſurfaces ; but n A 
this precaution it will, ſtill remain conſiderable. 5 The 
maoſt eſfectual method of reducing it is che application of 
wheels, which act according to the principle of the wheel 
and axle. For explaining the operation of wheels in di- 
miniſhing friction, it muſt be ,obſeryed; that, whilſt the 


weight of the moving body and the roughneſs of the 


ſurfaces remain the ſame, the friction is not conſiderably 
varied by any variation in the magnitude of the contigu- 


ou _ This is aſcertained, by experiments, which | 


a ſhow 
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| 2 the me weight will . 
face different pieces of the ſame poliſned ſubſtknce; as box, 
which are loaded with equal weights, bur feſt on unequal 
baſes: Thoſe wheels therefore; by which the motion of 
caftiges is facilitated, do not effect this by on few 

er points of contatt. 1 — them ariſes 
principally from the diminution of the velocity; with which 
he moving ſurface is applied to the fixed one; on which 

account the force, or momentum, of the friction is dimi- 
niſhed. If the carriage had not wheels, or if the rota- 
tion of the wheels were ſtopped, as when a drag is put 
is applied to the ſixed one vvould be the velocity of the 
carriage. itſelſʒ but ſince the periphery of each wheel 
yields to the roughneſs of the ſurface on wliich it moves, 
the friction is transferred to the axle, and the velocity is 
now only that with which the nave of the wheel is ap- 
lie” to the axle. The effect of the friction is therefore 
_ diminiſhed; agreeably to the operation of the Mechanic 
Power, in the ere en ee u. of I e Ih 
£2 radius of che ne t ran, wt; 5 | 
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/ Phony thisk follows, - tin hs Rode e A 
—— made, the more effectually is the reſiſtance 
of friction overcome Large wheels have alſo other ad- 

vantages. On account of the ſmallneſs of their curva- 
tures, they ſink leſs between two adjacent prominencies 
of the ſurface upon which the carriage moves, and con- 
3 ſequeity requireleſs force for raiſing them over thoſe pro- 
minencies; and for the ſame reaſon they operate more 
powerful in deprefiing ſuch obſtacles as will yield to the | 
ibn F f'2 7 weight 
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are ſmall. The other is the) ditection of the pon by 
Which the carriage is drawn... The ſonee . of an horſe 
drawing a carriage is exerted at his breaſty and therefore, 
| If the axle were highet than his breaſts a part of his force 
would be employed in drawing the carriage towards the 
enrth, arid thereby increuſing the load. It is en the 
conttary convenient that the ane ſhould be lower than 
the breaſt of thi hoſe, Gince in this cafe à pat of his 
force is exerted in raiſing the carriage over the obſtacles 
| of the ſurface. Mx. Edgworth has remarked an-obfirue- 
tion to the motion of carriages, which had not been ob- 
ſerved before. This is their vis inertie. „ When a 
carriage ® ſays be, 4 has been once; ſet in motion up- 
on a ſmooth road with any given velocity, its motion, ſo 
Tong ad that velocity is continued, ia neither retanded nor 
ꝓpromdted by its vis inertiz; but whenever it paſſes over 
any height, not only the weight of the carriage mult be 
lifted up, but the vis inertie of that weight muſt be over- 
come in a new direction, and as much velocity muſt be 
cormmunionted to it in that new direction, as will enable 
it to riſe to the height of the obſtacle whilſt it paſſes over 
its baſe.” This is in à very conſiderable degree obvia- 
ted, as he has remarked, by the application of ſprings, 
which render the motion of the carriage leſs abrupt. It 
5 on the. * N r 6 faſter 
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_ the axle has been made to reſt on the peripheries of other 
_ wheels, as in the machine repreſented in plate 1. fig. 1. 
. nomitated Frictiom -- Wheels, is ſirhilar to that which has 


been already deſcribed. The peripherics of theſe wheels 
moving with the axk which reſt upon them, the fre- 
tion is again transferred to their axles, and conſequently 


r — the ehajv of EO wheels | 


r 
The power is applied to the quadrilateral baſe of the 


 wedge;: generally by impuiſe ; and che reſiſtance is the 


_ coheſion of the fubſtance into which the wedge is dri- 


4 & 1 — nin wo . * .£ * ; 1 , 7 
f 1 
þ » ; : 


- 
8 4 


4 ＋ 
v4 9 * * 1 : <A 4 & * 8 — 
F +" " 144 4 . - F 'Þ * 4 


| When the reſiſtance acts in a direction perpendicular 
to each fide, that chere may be an equilibrium, the pow- 


er init be dio the reſiftunee, 2» the length of the bee of 
the yedge to the ſum” of the lengths of the ſides, or as 
che fine of ee 92 vertes of the ID o 
radius.“ . * 
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Anden, iv that the power muſt be to the reſiſtances, às the rectangle 
under the fines of half the vertical angle of the wedge and the inclina- 


Ro ag ama: ha art ag the radius. 
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let AFB (plate 6. fig.” 5.) be à triangular ſectiom of 3 


wedge, and let the lines CE, ce expreſs the directions 
and quantities of the reſiſtances exerted againſt the ſides. 


Let theſe be reſolved into EF, eF parallel to the baſe, 
and CF, C perpendicular to it (and. law of motion cor. 


4.) . The foroes repreſented by N , being equal 
and oppoſite, deſtroy each other. There remains a force 


expreſſed by 20 F; and conſequently there will be an equi- 
Übrium, if the power applied at C in the contrary diret- 
tion be equivalent to this force. The power is therefore 


In this caſe to che reſiſtance, as 270 to EC HC, or as 
Foto ECV and confequently: as EC to C (Eucl. book 


6. prop. 8. cor.) or as AC the fine of the ſemi - angle 


to AV the radius; and therefore alſo as the baſe 
n 1 BY... F yr 5 A 


of *o Ste Hog rs A; 81 boitqgg 3 1 a 

Sinee a power requiſite for. Poo F dk given re- 

" ſtance, is to that reſiſtance, as the fine of the ſemi-atgle 

at the vertex of the wedge to radius; the powers neceſ- 

. with b 750 e muſt be lis 2140 to the 
u e e 


ee eee ee, ee 
EW; Reſolve. them into DE and de in the directions of 


a the ſides, and CE, Ce perpendicular to them. The former cannot pro- 


duce any effect. Reſolve then the latter CE, Ce into EP, cF parallel 


do the baſe, and FC, Fc perpendicular to it. EF, e# deſtroy each 
other; and the power will, as in the particular caſe, be CF. But 


Fc: EC: : fine of the angle FEC or CYA : radius; and EC: Do:: 
| fine of the angle EDC: radius. Therefore FC : DC NN the 
n G4 X te of the angle BG : the ſquare of radius. 
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ee ee f pe E e Eee 
Art. 3917. * AN 


anes 


b W 
i 1 


A - 


- 
\ . 


——_— and ener A Ag ach. re! q:barg 


Of the, Alete Hauer. , 233 


U ſemi-angles; A Wedge | is ſaid to be more 


| efficacious than, another, if it require a leſs power for | 


overcoming a given, relſtanee. ,, The elßeacies of wedges 
are therefore recipracally, proportional ta the powers 
Which they require, and conſequently. are eee 
proportional to a % N ſemirangles. 
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The wedge is uſed for, dividing the parts of hard ſub. 
to it. 


ſtanceg; an and all ſharp. inſtruments ane rec r 
In theory, the property of ihe wwedge has been applied in 
a very. fimple and elegant manner by. * Biſhop Young, 


to determine the equilibration of arches, a problem of. 


great importance in architecture. * archrſtonesf he 
conſiders. as, ſa many wedges, urged, by, the an 
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The ſcrew Süd bl bos; ins ee hes | 
denominated the Male and Female Screw. The former 


is a ſolid cylinder, ſo cut / as to have a prominent part 
carried round it in a ſpiral form. The 1 latter is an hol - 


'ow:cylinder,with a ſpiral grooye correſponding to the 


thus ekactly adapted te each other, the ſolid or hollow 
cylinder, as the caſe requires, may be moved round the 
common axis, by a bar. perpendicular to that axis; an 
a motion: will be protuced in Wr the axis, 
by means of the ſpiral _— 9 0 IN 19909511 


MK.) 9 3%. 10 AY A % 8 4014 8 Ao ; 


The ſcrew is not in reality a ben. Mechanic Power, 
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whoſe baſe BC is equal to che circumfetenee of a folid 
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des des of "he inelined plans wich We wei! 
and axle. If a plane triangle 4 5c (plate 6; fg. 8.) 


cylinder be applied to it in fuch a manner, that ite baſe 
BC may coincide with that of the cylinder; B will form - 


a ſpiral on its ſurface; and by applying Tucceffively to 


the cylinder triangles ſimilar and equal. to ABC, fo that 


their baſes BC may form parallel circles, the ſpiral may 
be continued. Hence it appears, that the ſpiral acts 
like an inclined plane AB; and the ba, by which the 
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kor determining the power neceffary to i 
equilibrium with the ſcrew, the mort A cd of the 
nnn. muſt be premiſed. dg | 


Wi; the power, by which a body 3s babe vn en n. 
n act in a e n e 0 
r eee eee lin i 


* 


* rich bs 6.4; 


nen "Uk 19 
I #B (plate 6. be acted planet 
the'place of the body. From P draw PC perpendicular 

to the plane, and PD. perpendicular to the baſe; and, 

fince- the three forces acting on P muſt be-proportional 


: 0 che fides of the triangle PDC; wo which-their directi- 
| ons aro reſpeQtirely parallel (and. law of motion ohr. 3.), 


the power muſt be to the weight, as DC ts PD; or (Lucl. 
book, 6. prop. 8. eat DB, or as AC to CB. 
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W the reſiſtance, 26 the diſtanee between two 
a % contiguous 
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contiguous threads, meaſured in the direction of the | 
axis, to the periphery deſcribed by the power. 


Let BAD, (plate 6. fig. 10.) repreſent a ſection of the 
ſcrew-made by a plane perpendicular to its axis, and the 
periphery BAD will be the baſe of one of thoſe triangles, 
by the application,of which the ſpiral thread is conceiv- 
ed to be generated. Let the power be conceived to be 
applied at B, in the direction of the baſe of the ſpiral ; 
and let the reſiſtance, which acts in a direction parallel 
to the axis of the ſcrew, and conſequently perpendicular 
to the baſe of the ſpiral, be conceived to be united in 
one point of the ſpiral, Then, by the preceding proper- 
ty of the inclined plane, the power applied at B muſt be 
to the reſiſtance, as the height of the ſpiral to its baſe, 
that is, as the diſtance between two contiguous threads, 
meaſured in the direction of the axis, to the periphery 
BAD. But the effect of a power applied at P will be 
equivalent to the former applied at B, if it be to it, as 
the periphery BAD is to that deſcribed by the power at 
P. Therefore the neceſſary power at B is to the reſiſt- 

ance, as the diſtance of the threads to the periphery 
B40; and the neceſſary power at P'is to that at B, as 
the periphery BAD to the periphery deſcribed by P. 
Conſequently, ex equo perturbate, the power at N is to 
the reſiſtance, as the diſtance of the threads to the peri- 
phery deſcribed by P. 2 


It has has remarked, that the ſcrew is not ſtrictly a 
ſimple Mechanic Power: and it may be farther obſerved, 
that there are indeed only two, which can truly be ſo de- 

G 7 nominated; 


126 Elements of Natural Philoſophy. 
- fioininated; the lever and the pulley. The wheel and | 


axle has already been reduced to the former of theſe ; and 
the inclined plane may alſo be conſidered as of the ſame 


claſs. Theſe two, as has been mentioned, compoſe the 
 ſerew. Laſtly, the wedge has been'conceived to be com- 


poſed of two iriclined planes joined at a eorumon baſe, | 
the reſiſtance being in this caſe the aveight to be ſuſ- 


tained. 


= fe 


Experiments made with the ſcrew differ more from the 
theory, than thoſe which are made with any other Me- 
chanic Power; becauſe the friction bears a greater pro- 
portion to the other reſiſtance. It has been already ob- 
ſerved, that, the weight been given, the friction varies 
nearly as the velocity with which one ſurface is moved 
over another. In the ſcrew this velocity exceeds that with 
which the ſcrew itſelf is driven forward, beciufe it is 
the velocity with which the parts of the thread are applied 
to the ſpiral groove, whilſt the ſcrew is driven forward on- 


ly through a ſpace equal to the correſponding ſegment of 
its axis. The friction muſt conſequently bear a great 


proportion to the reſiſtance. This is however attended 
with advantage. The principal uſe of the ſcrew being 
to compreſs bodies together, its great friction is ſervicea- 


N ble in preſerving its poſition without TY a conti- 


nued exertion of the has of 


| 1 very ingenious and uſeful application of the ſcrew 
has been contriyed, for the purpoſe of ſubdividing ſmall 
ſpaces. It is in this caſe called a Micrometer Screw, 
and is adapted to aſtronomical inſtruments. The number 
| | _ of 
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of turns which che ſcrew muſt make in advancing an 


inch, is known by obſerving the number of threads con- 
tained within that length of the axis. If it muſt make 
fifty turns, each turn will aſcertain the fiftieth part 
of an inch. Beſides this, on the extremity of the ſcrew 
is fixed a circular plate, ' whoſe edge is divided into a cer- 


tain number of equal parts. If the edge be divided 


into an hundred equal parts, each of theſe will indicate 
the hundredth part of a turn, that is, the hundredth 


part of the fiftieth part of an inch, or the five thou- 


ſandth part of an inch.“ 


* 


The male ſcrew is ſometimes uſed only for the come 
munication of mation from one part of a compound ma- 


chine to another, and is then called a Perpetual Screw. 
It is for this purpoſe ſo fixed, that it can only turn round 


its axis without any progreſſive motion; and ſerves 
- merely to turn a wheel, by receiving its teeth into the 


intervals between the threads. Such a ſcrew differs 
from the axle in the wheel in this, that the ſpiral thread 
is ſubſtituted for the teeth or pinion of the former, and 
that it changes the direction of the motion which it com- 
municates, Since each. revolution of the ſcrew turns 
one tooth of the wheel applied to it, the efficacy of the 
machine is multiplied * the W coin: teeth in vat 
n f 
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of it very important, much attention has been given to the mechanical 
proceſs, of which an- account is contained in ee of. phage of 


5 Nat. Phil. &c. for July 1797.- 
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It has been obſerved, that whatever i gained in pow- 

er by the uſe of any machine, is loſt in time. The truth 
of this appears from comparing the velocities of the 
power and weight in the ſeveral Mechanic Powers; for 
it is found that the ratio of theſe velocities is the reci- 

procal of that of the power and weight when in equili- 
brium. Thus, the velocities of the power and weight 
applied to a lever are proportional to the ſmall arches 
which they deſcribe in the ſame time, and therefore, 
fince theſe arches ſubtend the ſame or equal angles at the 
center of motion, proportional alſo to the diſtances from 
the fulcrum : but it has been ſhewn, that the power and 
weight which balance each other are reciprocally propor- 
tional to thoſe diſtances. In a ſingle moveable pulley, or 
any combination of pulleys, the velocity of the weight 
is eſtimated by comparing the ſpace through which it is 
moved, with the ſhortenings of the ſeveral parts of the 
rope; for the ſame quantities by which thoſe ropes are 
ſhortened, to which the weight is applied, are added to 
that which ſuſtains the power, and therefore determine 
its velocity. In the inclined plane the oblique aſcent of 
the weight along the plane or the velocity of the power, 
is to its perpendicular aſcent, as the length of the plane 
to its height; or in the reciprocal ratio of the power and 
weight. In the wheel and axle the velocities of the 
power and weight are in the ratio of the periphery of 
the wheel to that of the axle; and conſequently as their 
radii, For ſimilar reaſons, in the ſcrew the velocity of 


For the caſes of powers obliquely applied, ſee Wood's Principles of 
Mechanic's Art. 149. | 
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| the power is to that of the reſiſtance as the periphery 


deſctibed by the power to the diſtance between two con- 
tiguous threads meaſured in the direction of the axis; 
and i in the wedge the velocity of the power is to that of 
che reſiſtance as CV to CE (plate 6. fig. 2 or on * 


. of £ ſimilar e as AV to AC. 


When a 1 continues to 4 on a Ad = 
a weight or the impulſe of water, the machine would 


be continually accelerated, if the friction of its parts 


and the reſiſtance of the air, which increaſe with its ve- 
locity, did not limit the acceleration. But as the inten- 
ſity of the moving force, or of theſe reſiſtances, varies, 


che motion of che machine is ſubject to variation. To 


remedy this inconvenience, fliers of various kinds have 
been invented. Theſe are commonly heavy wheels, con- 


nected with thoſe parts of machines which move with 
the greateſt velocities; and they act by their inertia, If 


the moving force be ſuddenly increaſed, a conſiderable 


part of the augmentation will be employed in communi- 


cating additional motion gradually to the flier; and if 


it ſhould be ſuddenly diminiſhed, the- momentum of the 


flier will reſiſt a ſudden diminution of the motion of the 
machine. The pendulum of a clock and the balance 
of a watch are fliers of another kind, ſince they are ac- 
tuated by a moving principle diſtin from the grand 
moving principles, or maintaining powers, of the ma- 
chines which they regulate. The pendulum is aCtuated 
by its own Gravity, . the balance by the balance- 
{pring: 
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— . machines, which ute - 
formed by various combinations of theſe Mechanic W 


Powers, may be cnmputed by compounding the ratios, 


which the power ſhould have to the reſiſtance, if each 
part were ſeparately employed. But machines ate ge- 


nerally leſs advantageous, as they are more complicated, 
fince the defects of conſtruction and other reſiſtances 


are increaſed with the number of the parts. Various 
plans have been propoſed for conſtructing machines, 
which ſhould continue for ever any motion which had 
been once impreſſed. Theſe ſchemes have accordingly - 
been called plans for a Perpetual Motion, It is obvious, 
that no engine whoſe motion is deriyed from the con- 
tinued operation of an external force, is entitled ta this 
name. By it can only with propriety be underſtood a 
machine ſo contrived that, being once put in motion, it 


Un continue that motion undiminiſhed. The obſtruc- 


tions cauſed in every machine by the friction of its parts 
and the refiſtance-of the air, ſeem to render ſuch a plan 
impracticable 3 fince it would be neceflary that the im- 
preſſed power ſhould be continually increaſed by the ma- 
chine, to compenſate the continual diminutions, which 

ie ruſt fiſtula from the ge IPOS theſe cauſes. 7 
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